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Abbreviations

ABI ankle-brachial pressure index

ABP ambulatory blood pressure

ABPM ambulatory blood pressure monitoring

ACEI angiotensin converting enzyme inhibitor

ACR albumin creatinine ratio

ADMA asymmetric dimethylarginine

ADPKD autosomal dominant polycystic kidney

disease

AER albumin excretion rate

AHA American Heart Association

aHR adjusted hazard ratio

Alb albumin

ANCA anti-neutrophil cytoplasmic antibody

APD automated peritoneal dialysis

ARB angiotensin II type 1 receptor blocker

ASN American Society of Nephrology

ASO arterio sclerosis obliterans

BMI body mass index

BUN blood urea nitrogen

CAPD continuous ambulatory peritoneal dialysis

CBP clinic blood pressure

CCB calcium channel blocker

CCr creatinine clearance

CHD coronary heart disease

CHF congestive heart failure

CHF continuous hemofiltration

CI confidence interval

CKD chronic kidney disease

CKD–MBD chronic kidney disease–mineral and bone

disorder

Cr creatinine

CRP C reactive protein

CVD cardiovascular disease

CyA cyclosporin A, ciclosporin A

DM diabetes mellitus

DOQI Dialysis Outcome Quality Initiative

DRI direct renin inhibitor

DWFG death with functioning graft

EBM evidence-based medicine

eGFR estimated glomerular filtration rate

EPS encapsulating peritoneal sclerosis

ESA erythropoiesis sitmulating agent

ESKD end-stage kidney disease

ESRD end-stage renal disease

FDA Food and Drug Administration

FF filtration fraction

FPG fasting plasma glucose

FSGS focal segmental glomerulosclerosis

GBM glomerular basement membrane

GFR glomerular filtration rate

GH growth hormone

HCFA Health Care Financing Administration

HD hemodialysis

HR hazard ratio

IBW ideal body weight

IDDM insulin dependent diabetes mellitus

IDF International Diabetes Federation

IDMS isotope-dilution mass spectrometory

IMT intima–media thickness

ISKDC International Study of Kidney Disease

in Children

IVP intravenous pyelography
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K/DOQI Kidney Diseases Outcome Quality

Initiative

KDIGO Kidney Disease: Improving Global

Outcome

LVH left ventricular hypertrophy

LVMI left ventricular mass index

MCDK multicystic dysplastic kidney

MetS metabolic syndrome

MMF mycophenolate mofetil

MMR vaccine for measles, mumps and rubella

mPSL methyl prednisolone

MRA magnetic resonance angiography

MRSA methicillin-resistant Staphylococcus aureus

NAFLD non-alcoholic fatty liver disease

NIDDN non-insulin-dependent diabetes mellitus

NKF National Kidney Foundation

NNT number needed to treat

NSAIDs non-steroidal anti-inflammatory drugs

NSF nephrogenic systemic fibrosis

NSTEMI non-ST-segment elevation myocardial

infarction

oGTT oral glucose tolerance test

OR odds ratio

PKD polycystic kidney disease

PD peritoneal dialysis

PET preemptive transplantation

PHA proper hepatic artery

PP plasmapheresis

PSL prednisolone

PWV pulse wave velocity

QALY quality-adjusted life-years

QOL quality of life

RA renin–angiotensin

RAS renin–angiotensin system

RBF renal blood flow

RCT randomized controlled trial

rHuEPO recombinant human erythropoietin

rHuGH recombinant human growth hormone

ROC receiver operating curve

ROD renal osteodystrophy

RPGN rapidly progressive glomerulonephritis

RR relative risk

RRT renal replacement therapy

SBP systolic blood pressure

SLE systemic lupus erythematosus

TDM therapeutic drug monitoring

TIA transient cerebral ischemic attack

TIBC total iron binding capacity

TSAT transferrin saturation

UACR urinary albumin/creatinine ratio

UAE urinary albumin excretion

VUR vesicoureteral reflux

WC waist circumference

WHO World Health Organization

WHR waist-to-hip ratio

Chapter 1: Diagnosis and significance of CKD

CQ1 Is CKD a risk factor for ESKD?

A decreased GFR (50 ml/min/1.73 m2 or lower for
patients aged 40 to 69 years and 40 ml/min/1.73 m2

or lower for patients aged 70 years and over), pro-
teinuria and albuminuria are risk factors for ESKD.

CKD was defined for the first time in one of the clinical

guidelines of the K/DOQI published in 2002 by NKF. CKD

stages 3–5 have been known as risk factors for ESKD. In

the Japanese population, eGFR B50 ml/min/m2 in patients

aged 40–69 years and 40 ml/min/1.73 m2 in patients aged

70 years and over are risk factors for ESKD. Proteinuria

and albuminuria are also proportionally related to the risk

for ESKD. A meta-analysis of 11 observational studies of

non-diabetic nephropathy indicated that proteinuria before

treatment was a strong prognostic factor for the doubling of

serum creatinine and ESKD. This finding could be

extrapolated to a normal population and pretreated CKD

patients and those on current treatment. Decreased pro-

teinuria and albuminuria by RAS inhibitors are implicated

in the suppression of progression of CKD.
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CQ2 Is CKD a risk factor for CVD?

Decreased kidney function is a risk factor for CVD.
Increased proteinuria and albuminuria are also asso-
ciated with a higher risk of CVD.

ESKD patients are known to be at increased risk of CVD.

Earlier intervention for CKD has been recognized as more

important for the prevention of CVD. A scientific statement

entitled, ‘‘Kidney Disease as a Risk Factor for the Development

of Cardiovascular Disease’’ prompted heightened attention to

CVD as a complication resulting in evidence that the early

stage of CKD as well as ESKD are both risk factors for CVD.

GFR decline is correlated to the risk of CVD, coronary disease,

myocardial infarction, heart failure, atrial fibrillation, stroke,

admission, mortality from CVD and total death. Proteinuria

and albuminuria also increase the risk. Several large-scale

observational studies using a normal population in Japan have

also indicated CKD to be a risk factor for CVD.
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CQ3 Is the prognosis determined by the definition

and classification of CKD (KDIGO 2011)?

The classification of CKD (KDIGO 2011) correlates
with the progression of CKD, ESKD, mortality due to
CVD and total death, and thus reflects the prognosis.

The definition and classification of CKD (NKF-KDOQI)

were first proposed in 2002 and have not been revised since

2009, hence their current validity requires discussion as 8.4

and 12.9 % of the population in the United States and

Japan, respectively, are diagnosed as CKD on the basis of

that definition.

Several meta-analyses have shown significant correla-

tion between CKD staging and prognosis. The CKD clas-

sification (KDIGO 2011) divided stage 3 into G3a and G3b

at the eGFR level of 45 ml/min/1.73 m2, since risks for the

progression of CKD sharply increase at this point. In Japan,

since the same tendency was observed, the eGFR level of

50 ml/min is proposed as the criterion for referral to a

specialist. (criteria by age; an eGFR level of 60 ml/min/

1.73 m2 for patients aged less than 40 years, an eGFR level

of 50 ml/min/1.73 m2 for patients aged 40–69 years, and

an eGFR level of 40 ml/min/1.73 m2 for patients aged

70 years or more).

The albuminuria category was introduced into the

classification of CKD (KDIGO 2011). However, as albu-

minuria is covered by Japanese health insurance only for

early diabetes nephropathy, we decided to use albuminuria

for diabetes and proteinuria for the others (Table 1).
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CQ4 Is the guideline based on the definition

and classification of CKD (KDIGO 2011)

recommended?

Dividing CKD stage 3 into G3a and G3b is recom-
mended as it facilitates early therapeutic intervention
in stage G3b patients whose kidney dysfunction is
easily aggravated. CKD classification with the albu-
minuria category is recommended because it clarifies
those cases who are at high risk for CVD, and in
whom RAS inhibitors are effective.

Dividing stage 3 and use of the albuminuria category are

characteristics of the classification of CKD (KDIGO 2011).

The advantage of this classification in the treatment strat-

egy is discussed. Clinical diagnosis determines the disease-

specific treatment, whereas general treatment is based on

the classification of CKD. The reason for dividing stage 3

into G3a and G3b is that the category with an eGFR level
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of less than 45 ml/min/1.73 m2 has sharply increased risks

of progression of CKD and ESKD. In the stage G4 cate-

gory, hypertension, anemia, secondary parathyroidism, and

electrolyte abnormality such as hyperphosphatemia, aci-

dosis and hypoalbuminemia are commonly observed. The

sub-division of stage G3 is efficient for avoiding such

complications, preventing the progression of CKD stage,

and facilitating consultation with a specialist at the

appropriate time point. The albuminuria category is clini-

cally useful because RAS inhibitors are more effective in

CKD patients with albuminuria and proteinuria.
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CQ5 Which urine test, albumin or total protein, is

recommended to properly manage CKD?

We recommend albumin measurement for the early
detection and risk evaluation of diabetic nephropathy.
Total protein measurement may have an advantage in
clinical practice for advanced diabetic nephropathy
and non-diabetic CKD.

Table 1 Classification of severity of CKD (2012)

Underlying disease
Albuminuria categories, 

description, and range
A1 A2 A3

Diabetes

Urine albumin (mg/day) Normal Microalbuminuria Macroalbuminuria

Urine albumin/Cr ratio 
(mg/gCr) <30 30 ~ 299 300

Nephritis Urine protein (g/day) Normal Mild proteinuria Severe proteinuria
Hypertension
Polycystic kidney disease
Renal transplantation
Unknown
Others

Urine protein/Cr ratio 
(g/gCr) <0.15 0.15 ~ 0.49 0.50

GFR categories 
(mL/min/ 1.73 m2), 
description, and 

range

G1
Normal or high

≥

≥

≥

90

G2
Normal or mildly 

decreased 60 ~ 89

G3a
Mildly to 

moderately 
decreased

45 ~ 59

G3b
Moderately to 

severely 
decreased

30 ~ 44

G4
Severely 
decreased 15 ~ 29

G5
Kidney failure

(ESKD) <15

Risks of ESKD requiring dialysis, or transplantation, and risks for cardiovascular diseases such as stroke, myocardial infarction, and heart failure

are coded with colors ranging from green (lowest), yellow, orange and red (highest)

Adapted from KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Inter Suppl.

2013;3:19–62 [1], with permission from Nature Publishing Group, modified for Japanese patients

CKD chronic kidney disease, Cr creatinine, ESKD end-stage kidney disease, GFR glomerular filtration
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Proteinuria in CKD is one of the important prognostic

factors. Albuminuria in the traditional ‘‘normal range’’ has

been revealed as an apparent risk factor of CVD. Mean-

while, total protein is recommended for non-diabetic CKD

in several countries. In Japan, albuminuria is not covered

by the health insurance system.

Whereas albumin in urine is derived from the glomer-

ulus, total protein consists of a variety of proteins derived

from the glomerulus and renal tubules. The amount of

high-molecular-weight protein correlates with the progno-

sis of kidney function. Recently, the sensitivity of detection

of total protein at concentrations less than 0.5 g/gCr has

become more accurate. Consequently, albumin measure-

ment is recommended for the early detection and risk

evaluation of the early stage of diabetic nephropathy. Total

protein measurement is recommended for advanced dia-

betic nephropathy and non-diabetic CKD. Although in

Japan, the HPLC/ultraviolet detection method using 99 %

pure human plasma albumin as the primary standard sub-

stance for total protein measurement is recommended, the

pigment colorimetric method is in wide practical use and is

accurate using human plasma albumin as the standard

substance.
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CQ6 What is a useful urinary clinical surrogate marker

for following the clinical course of CKD?

Urinary protein excretion and urinary albumin
excretion are recommended biomarkers for evaluat-
ing the prognosis of CKD. Other promising bio-
markers would be urinary excretions of α1-
microglobulin, β2- microglobulin and L-FABP.

At present, urinary excretion of protein or albumin is

considered to be a useful biomarker for the assessment of

CKD (refer to CQ5), although biomarkers other than pro-

teinuria or albuminuria for CKD have not yet been fully

evaluated for their usefulness.

The results of two clinical studies on the prognosis of

idiopathic membranous nephropathy showed that urinary

excretions of both a1-microglobulin and b2-microglobulin

were significantly associated with the prognosis of renal

function.

Although L-FABP was reported to be a novel biomarker

for AKI, urinary excretion of L-FABP was associated with

albuminuria levels and was also associated with the prog-

nosis of renal function in 140 diabetic nephropathy patients

who were followed for 4 years. Measurement of urinary

excretions of L-FABP was admitted officially for clinical

practice and the cost has been partially covered by the

health insurance system since August, 2011.
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CQ7 Does the severity of hematuria predict renal

prognosis?

Microscopic hematuria is an independent risk factor
for progression to ESKD, although it presents a lower
risk than proteinuria. Therefore, we recommend fol-
low-up of hematuria in a regular medical health
checkup.
The risk for progression to ESKD increases when
hematuria coexists with proteinuria.

A recent Israeli cohort study of 1,203,626 military sol-

diers aged 16–25 years revealed the possibility of isolated

hematuria progressing to ESKD to be 0.7 % and the hazard

ratio to be 19.5 compared to normal urinary findings. A

10-year observational study based on the findings of

regional health checkups of 107,192 subjects revealed that

0.2 % of the subjects progressed to ESKD and that

hematuria was identified as an independent risk factor for

the progression. Analysis using the same cohort showed

that the probability of subjects with both proteinuria at the

level of 1? and hematuria at the level of 1? progressing to

ESKD within 10 years increased to 3 %, while the proba-

bility in patients with isolated proteinuria was 1.5 %. A

cohort study of 50,501 company employees showed that
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hematuria spontaneously remitted in half of the subjects

with isolated hematuria and that 10 % of isolated hema-

turia cases became complicated with proteinuria. In con-

clusion, even in subjects with isolated hematuria, regular

checkups should be mandatory to monitor potential com-

plication with proteinuria in the future.
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CQ8 Is renal biopsy recommended for determining

the diagnosis and therapeutic strategy for CKD?

After considering the results of a urine test (Table 2)
for reference, we recommend a renal biopsy in order
to determine the diagnosis and therapeutic strategy
for CKD.

Evaluating renal pathology by a renal biopsy is of

great help in determining the therapeutic strategy and

estimating the long-term prognosis. In this regard, a

renal biopsy is recommended in CKD clinical practice.

However, since a renal biopsy is invasive, its use should

be considered carefully. It has been shown that CKD

patients that have undergone a renal biopsy have a better

mortality after the introduction of hemodialysis than

those who have not. Moreover, the percentage of cases

in whom the results of renal biopsy had some impact on

the clinical course was 86 % (24 cases out of 28) in

patients with nephrotic syndrome, 71 % (22 out of 31) in

AKI, 45 % (9 out of 28) in asymptomatic hematuria or

proteinuria, 12 % (3 out of 25) in isolated proteinuria,

3 % (1 out of 36) in isolated hematuria, and 42 % in all

the patients examined. These data point to the impor-

tance of the information obtained from a renal biopsy for

the care of CKD patients, although these data might not

necessarily show that a renal biopsy leads to a favorable

prognosis.

A Japanese nation-wide surveillance study found that

50 % of nephrologists thought that a biopsy should be

performed in patients with isolated proteinuria and whose

daily protein excretion was over 1 g, and that 75 % of

nephrologists thought that it should be performed on

patients complicated with hematuria and whose daily pro-

tein excretion was over 0.5 g. Taken together, it is rea-

sonable to conclude that that a renal biopsy should be

performed on patients with sustained proteinuria at a level

above 0.5 g/day (Table 2).
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CQ9 Is medical imaging recommended

for the diagnosis of CKD?

In the diagnosis of CKD, we recommend ultra-
sonography for the diagnosis of renal disease with a
morphological abnormality (e.g. urinary stone,
obstructive nephropathy, urinary cystic disease).
In the diagnosis of renal artery stenosis, we recom-
mend Doppler ultrasonography, MR angiography, or
CT angiography after considering the patient’s renal
function.

Several modalities, including ultrasonography, abdomi-

nal CT, and abdominal MRI have been utilized for the

diagnostic imaging of kidney disease. Among these,

because of its convenience and lack of exposure to

Table 2 Use of renal biopsy in CKD patients

Isolated proteinuria

Should be considered when daily urinary excretion is more than

0.5 g/day or 0.5 g/gCr

Proteinuria and hematuria

Should be considered even when daily urinary excretion is less

than 0.5 g/day or 0.5 g/gCr

Nephrotic syndrome

Should always be considered

Isolated hematuria

Should be considered when urine contains dysmorphic

erythrocytes or abnormal urinary casts
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radiation, ultrasonography should be performed on all

types of renal diseases, especially those with morphologi-

cal abnormalities (e.g. urinary stone, obstructive nephrop-

athy, urinary cystic disease).

Diagnostic imaging can be a useful tool for the diagnosis

of renal artery stenosis or ischemic nephropathy caused by

chronic reduction of renal perfusion. Although Doppler

ultrasonography is inferior to CT angiography, Gadolin-

ium-enhanced MR angiography and three-dimensional

MRI in ROC evaluation, it is still a useful tool on account

of its convenience and economical cost.
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CQ10 Is a regular health checkup useful for the early

diagnosis of CKD?

For the diagnosis of CKD and evaluation of CKD
staging, measurements of both urinary protein or
albumin excretion and serum creatinine are indis-
pensable. Since most renal diseases start without any
symptoms, urinalysis and serum creatinine measure-
ment in a regular health checkup are useful for the
early diagnosis of CKD.
For patients at high risk of CKD including those with
hypertension, diabetes, obesity, or metabolic syn-
drome and those who had previous CVD events,
measurement of proteinuria and serum creatinine
concentration should be performed at least once a
year.

In the diagnosis of CKD and the classification of CKD

staging, measurement of urinary protein or albumin excretion

and serum creatinine are mandatory. Numerous papers have

indicated the beneficial effects of the Japanese health system

in which urinary protein excretion and serum creatinine

measurement lead to the early diagnosis of CKD. A recent

report analyzed the cost-effectiveness of measuring serum

creatinine in an annual health checkup for preventing the

initiation of maintenance dialysis. It revealed that the total

cost of measuring proteinuria and serum creatinine for

preventing the initiation of maintenance dialysis in ESKD

patients was 10 million yen per subject, which could be

covered by the budget of developed countries.
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Chapter 2: CKD and Life-style

CQ1 Does alcohol consumption have an influence

on the onset or progression of CKD?

Light to moderate alcohol consumption (ethanol
10–20 g/day) does not decrease the glomerular fil-
tration rate and may decrease proteinuria.
Heavy alcohol consumption (ethanol over 20–30 g/
day) may have the potential to cause proteinuria to
develop.

Heavy alcohol consumption is one of the major causes

of liver disease, cancer, suicide, and traffic accidents.

Recently, light to moderate alcohol consumption has been

shown to reduce coronary heart disease and all-cause

mortality. We aimed to clarify the relationship between

alcohol consumption and CKD.

1. Incidence of urinary protein

In Japan, alcohol consumption of less than 20 g/day

decreased the hazard ratio [0.86 (95 %CI 0.78–0.95)] of

developing proteinuria, but this effect was diminished by

alcohol consumption of more than 20 g/day. However, it

was found that moderate to heavy alcohol consumption

may be an important modifiable risk factor for albumin-

uria in the general population in Australia.

2. Estimated glomerular filtration rate (estimated GFR)

Funakoshi et al. reported that significant differences in

the frequency of drinking alcohol were found to be

inversely related to the estimated GFR and the preva-

lence of CKD in Japanese men. However, the relation-

ship was not observed in the elderly and Shankar et al.

reported that smoking and consumption of 4 or more

glasses of alcohol per day were associated with CKD.

Attention should be paid to the quantity of the partici-

pants’ alcohol consumption because interviews or ques-

tionnaires may lead to incorrect estimates of alcohol

consumption (Tables 3, 4).
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CQ2 Does exercise affect the onset or progress

of CKD?

The effect of exercise on the onset or progress of
CKD is unknown.

Inactivity and lower health-related quality of life (HRQOL)

are regarded as risk factors for mortality and hospitalization in

patients with dialysis. However, little has been reported about

the effect of exercise on the onset or progress of CKD.

Heiwe et al. reported in a systematic review (45 studies with

1863 adult participants with CKD) that there was evidence for

significant beneficial effects of regular exercise on physical

fitness, walking capacity, cardiovascular dimensions (e.g.

blood pressure and heart rate), HRQOL and some nutritional

parameters. However, the result of the relationship between

exercise and urinary protein or GFR was controversial.

For obese patients with CKD, exercise improved body

weight, blood pressure and urinary protein.

The risk of cardiac events (arrhythmia, ischemic heart

disease, and sudden death) during exercise is well known in

patients with CKD. Therefore, when patients are prescribed

exercise, it is essential to assess every patient’s activity,

exercise tolerance, and risk of cardiovascular disease.
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CQ3 Does sleep affect the onset or progression

of CKD?

Short sleep duration and or sleep disorder may be
associated with the incidence of proteinuria and

Sleep apnea syndrome is closely associated with
CKD.

decrease in the glomerular filtration rate.

Short sleep duration or sleep disorder may be associated

with hypertension, diabetes mellitus, obesity, cardiovas-

cular disease, and sudden death. However, an association

between short sleep duration or sleep disorder and CKD is

unclear in patients with CKD.

1. Sleep duration

Sleep duration was short in patients with CKD

(338 ± 96 min) compared with the control (non-CKD

366 ± 67 min). Short sleep duration, especially 5 or

fewer hours, was a predictor of proteinuria in Japan.

2. Sleep quality

Sleep quality assessed by the Pittsburg Sleep Quality Index

(PSQI), was poorer in participants with CKD than in

participants with non-CKD. However, the sample size of

the participants in these reports was too small to evaluate

the sleep quality.

Table 3 Quantity of alcohol in the standard size for each alcohol

Alcohol Size ml % Ethanol

(g)

Beer 1 medium bottle 500 5 20

Sake (Japanese rice wine) 1 go (Japanese

unit)

180 15 22

Whisky or Brandy double 60 43 20

Shochu (Japanese liquor

35�)

1 go (Japanese

unit)

180 35 50

Wine 1 glass 129 12 12

CKD clinical guidelines 2009

Table 4 Quantity of alcohol in

a standard drink of each country

O’Shea RS, et al. Alcoholic

liver disease. Hepatology.

2010;51(1):307–28

Country Ethanol

(g)

Range (g)

USA 12 9.3–13.2

Canada 13.6 13.6

UK 9.5 8–10

Europe 9.8 8.7–10.0

AUS

and

NZ

9.2 6.0–11.0

Japan 23.5 21.2–28.0
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3. Sleep disorder: sleep apnea syndrome

Caution should be taken when applying the results of

overseas studies to the Japanese population, because

the mean BMI of the participants has been more than

30 kg/m2 in most European and American studies on

sleep apnea. A high prevalence of CKD was observed

among patients with sleep-related breathing disorder in

a single Japanese sleep center and there was an inverse

relationship between BMI and the prevalence of CKD.
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CQ4 Does smoking affect the development of CKD?

Smoking is a risk factor for the onset and progression
of CKD.

Smoking is well known as a risk factor for cancer and

CVD. Moreover, smokers are also reported to be at a high

risk for metabolic syndrome, which is related to the

development of CKD. A review of the current literature

was performed to investigate the relationship between

smoking and the development of CKD.

Yamagata et al. reported that smoking is one risk factor

for the onset and progression of CKD in the general pop-

ulation of Japan. They conducted a 10-year follow-up study

with a total of 123,764 healthy patients aged 40 years and

above who received community-based annual examina-

tions. The primary outcome of the analysis was the

development of CKD during the follow-up period. They

showed that smoking was an independent risk factor for the

development of CKD and increased the risk of proteinuria

and renal dysfunction in both genders. However, former

smoker status was not a risk factor for developing pro-

teinuria or renal dysfunction. This study suggests that

quitting smoking would have a favorable effect on pre-

venting the development of CKD.

Another Japanese group (Ishizaki et al.) investigated

the association between smoking and albuminuria or

glomerular filtration rate (GFR) by analyzing data from

7,078 Japanese men, who had undergone a general

health screening between 2005 and 2006. Multivariate

logistic regression analysis showed that current smoking

habits were positively associated with albuminuria and

inversely associated with a low eGFR. The association

between smoking and GFR was dependent on the num-

ber of cigarettes smoked per day. A history of smoking

showed a significant inverse association with a low

eGFR, but there was no significant association between

former smoking status and albuminuria. These data

suggest that smoking may increase albuminuria and

decrease eGFR, and that albuminuria may be reversed by

quitting smoking.

Stengel et al. examined data from a non-concurrent

cohort study of 9,082 US adults, aged 30-74 years, who

participated in the second National Health and Nutrition

Examination Survey (NHANES II) from 1976 through

1980. The risk of CKD was found to be related to

smoking: the relative risk (RR) in smokers of 1–20

cigarettes a day versus never-smokers was 1.2 (95 % CI

0.7–2.3), and in smokers of more than 20 cigarettes a

day, the RR rose to 2.3 (95 % CI 1.3–4.2). This study

suggests that not only quitting smoking, but also ciga-

rette reduction may reduce the development of kidney

disease.

Shankar et al. performed a longitudinal analysis among

3,392 CKD-free persons at baseline, looking at the inci-

dence of CKD (n = 114) over a 5 year period. Compared

to never-smokers, the odds ratio of developing CKD was

1.12 (95 % CI 0.63, 2.00) among former smokers and 1.97

(95 % CI 1.15, 3.36) among current smokers.

Haroun et al. performed a community-based, prospec-

tive observational study of 20-year duration to examine the

association between hypertension and smoking on the

future risk of CKD in 23,534 men and women in a local

region. The results showed that current smoking was sig-

nificantly associated with the risk of developing CKD in

both men [hazard ratio 2.4 (1.5–4.0)] and women [hazard

ratio 2.9 (1.7–5.0)].

Above all, smoking is a risk factor for the develop-

ment of CKD and proteinuria, and former smokers may

improve albuminuria by quitting smoking compared to

current smokers. Therefore, it is recommended to quit

smoking.
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CQ5 Does increased water intake affect

the development of CKD?

In patients with CKD stage G1 or G2, increased water
intake is effective for the maintenance of kidney
function.
In patients with CKD stage G3 or higher, increased
water intake is a risk factor for worsening kidney
function.

The effect of increased water intake on the onset and

development of CKD is unclear, but dehydration exacer-

bates kidney function.

Clark et al. performed a prospective cohort study in

Canada from 2002 to 2008. Of 3,371 participants

C18 years of age, 2,148 provided valid 24-h urine samples

at study entry and had at least two annual eGFR assess-

ments. The participants were then assigned to the following

groups: \1 L/day (14.5 %), 1–1.9 L/day (51.5 %),

2–2.9 L/day (26.3 %), and C3 L/day (7.7 %). As water

intake increased, the percentage annual eGFR decline

turned out to be 1.3, 1.0, 0.8, 0.5 %, respectively.

Hebert et al. reported that high fluid intake resulted in an

increased urine volume, and low urine osmolality (Uosm)

was not associated with slower renal disease progression.

In a randomized control trial performed by Spigt et al., one

group was advised to increase their daily fluid intake by

1.5 L of water, and the other group was given placebo

medication. Most subjects did not manage to increase their

fluid intake by 1.5 L. The average increase in the inter-

vention group was approximately 1 L. Twenty-four-hour

water turnover in the intervention group was 359 mL

(95 % CI 171–548) higher than that of the control group at

the 6-month follow-up. Blood pressure, sodium level, GFR,

and QOL did not change significantly in either group

during the intervention period.

Increased water intake is effective for maintaining kid-

ney function in CKD patients at stage G1 and G2, but it

could be a risk factor for worsening kidney function in

CKD patients at stage G3 and higher. Dehydration can

exacerbate kidney function at any CKD stage. It is

important to maintain an appropriate water intake based on

the CKD stage.
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CQ6 Is vaccination recommended for CKD?

We recommend Influenza vaccination for patients
with CKD and Pneumococcal vaccination for CKD
patients aged over 65 years. (Grade B)

CKD patients have a weakened immune system and are

at risk of higher morbidity and mortality rates from

infections compared to healthy subjects. It is recommended

that CKD patients should be given vaccinations against

high risk pathogens. Pneumococcal and Influenza vaccines

are inactivated, hence both have a low potential for adverse

events related to the administration of the vaccination.

Influenza is a common and widespread infection causing

morbidity and mortality in the general population, and regular

vaccinations are recommended to prevent the associated

comorbidities. Influenza may be significantly exacerbated to

pneumonia, especially in the elderly. Therefore, influenza vac-

cination is related to the prevention of pneumonia. The report

from the United States Renal Data System (USRDS) in 2007

showed that influenza vaccination for CKD patients aged over

66 years decreased total mortality and hospitalization rates from

January to March compared to that of unvaccinated patients.

Pneumonia is the 4th leading cause of death in patients

aged over 65 years in Japan, and 95 % of deaths from

pneumonia occur in patients aged over 65 years. Pneu-

mococcus is the most common pathogen in community-

acquired pneumonia of the elderly, and it is reported that

30–50 % of Pneumococcus is drug-resistant.

Viasus et al. performed an observational analysis of a pro-

spective cohort of hospitalized adults with pneumonia and

showed that Pneumococcal vaccination was effective for pre-

venting moderate and severe pneumonia in patients with CKD.

The Center for Disease Control and Prevention (CDC)

recommends Pneumococcal vaccination for all patients

aged over 65 years, and for high-risk patients aged from 2

to 65 years (chronic heart disease, chronic lung disease and

diabetes mellitus). The CDC also recommends vaccination

for patients with CKD and nephrotic syndrome, but the

recommendation level is low.

Fuchshuber et al. reported that the antibody levels of the

Pneumococcal vaccine should be monitored in CKD

patients considering an observed rapid decline in as early

as 6 months after vaccination. The CDC recommends re-

vaccination for patients over 65 years of age if 5 years

have passed from the previous vaccination. CKD patients

have a decreased capacity to maintain the antibody, and

therefore, have the potential to lose immunity faster
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compared to healthy patients. In summary, CKD patients

need to be more closely monitored.
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CQ7 Does hyperuricemia affect the onset

and progression of CKD?

Hyperuricemia can affect the development of CKD.

Hyperuricemia and renal dysfunction are co-related.

Hyperuricemia causes renal dysfunction and renal dys-

function causes hyperuricemia due to low excretion of uric

acid from the kidney. A recent report showed that hyper-

uricemia itself causes renal vascular injury and interstitial

damage without deposition of uric acid in the kidney. This

suggests that hyperuricemia can affect the onset and pro-

gression of CKD.

Iseki et al. reported that hyperuricemia was associated

with a higher incidence of ESRD and was an independent

predictor of ESRD in women in a Japanese cohort study.

Bellomo et al. showed that elevated serum uric acid levels

were associated with a greater likelihood of a decrease in

eGFR, and serum uric acid level was an independent risk

factor for decreased kidney function in a prospective

observational cohort study. However, Chonchol et al.

concluded that no significant association was found

between the uric acid level and incident CKD in the Car-

diovascular Health Study.

Obermayr et al. reported that elevated levels of uric acid

independently increased the risk for new-onset kidney

disease. Kawashima et al. showed that asymptomatic

hyperuricemia is a predictive factor for new-onset CKD for

Japanese male workers.

Madero et al. reported that in patients with CKD stages

G3 and G4, hyperuricemia appeared to be an independent

risk factor for all-cause and CVD-related mortality, but not

for kidney failure.

Above all, current epidemiological studies show that

hyperuricemia is strongly related to the onset and pro-

gression of renal injury and CKD.
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CQ8 Is therapy for hyperuricemia recommended

to prevent the development of CKD?

We suggest therapy for hyperuricemia for preventing
the development of CKD. (Grade C1)

A therapeutic interventional study on hyperuricemia is

the best way to demonstrate the role of hyperuricemia in

CKD. However, so far, evidence for the efficacy of thera-

peutic intervention is inconclusive.

Siu et al. reported that the treatment of hyperuricemia

affected the development of CKD. They conducted a pro-

spective, randomized, controlled trial on 54 hyperuricemic

patients with CKD. Patients were randomly assigned to treat-

ment with allopurinol, 100–300 mg/d, or to continuing their

usual therapy for 12 months as the control group. Serum uric

acid levels were significantly decreased in subjects treated with

allopurinol. There was a trend toward a lower serum creatinine

level in the treatment group compared to the controls after

12 months of therapy, although the difference was not statis-

tically significant. The study concluded that allopurinol ther-

apy significantly decreased serum uric acid levels in

hyperuricemic patients with mild to moderate chronic kidney

disease. Its use was safe and helped to preserve kidney function

during the 12 months of therapy compared to the controls.

Goicoechea et al. conducted a prospective, randomized

trial of 113 patients with eGFR\60 ml/min. Patients were

randomly assigned to treatment with allopurinol 100 mg/day

(n = 57) or to continuing their usual therapy (n = 56) for

24 months. Serum uric acid and C-reactive protein (CRP)

levels were significantly decreased in the subjects treated

with allopurinol. Allopurinol treatment slowed down renal

disease progression independently of age, gender, diabetes,

CRP, albuminuria, and the use of renin-angiotensin system

blockers. Allopurinol treatment reduced the risk of cardio-

vascular events by 71 % compared to standard therapy.

Kanbay et al. conducted a prospective study to investi-

gate the benefits of allopurinol treatment in hyperuricemic

patients with normal renal function. Forty-eight hyperuri-

cemic and 21 normouricemic patients were included in the

study. Hyperuricemic patients received 300 mg/day allo-

purinol for 3 months. In the allopurinol group, serum uric

acid levels, GFR, systolic and diastolic blood pressure, and

CRP levels significantly improved. Management of

hyperuricemia may prevent the progression of renal
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disease, even in patients with normal renal function, sug-

gesting that early treatment with allopurinol should be an

important part of the management of CKD patients.

Above all, management of hyperuricemia is effective for

preventing the progression of renal dysfunction in CKD.

Allopurinol is a xanthine oxidase inhibitor and has the

potential to reduce oxidative stress. Therefore a clinical study

on allopurinol treatment investigating effects attributable to a

mechanism other than decreasing uric acid levels is necessary.

Results of these studies need to be confirmed with an addi-

tional prospective trial involving a larger cohort of patients to

determine the long-term efficacy of hyperuricemic therapy

and relevance to specific CKD subpopulations.

Pain control in hyperuricemic therapy is also important.

Several classes of anti-inflammatory agents are effective for

the treatment of acute gout, including nonsteroidal anti-

inflammatory agents (NSAIDs), colchicine and glucocorti-

coids. In general, NSAIDs are frequently used as the initial

therapy for acute gout, but NSAIDs may cause renal injury.

Gruff et al. reported that a short course of oral corticosteroid

therapy can be used effectively for acute gout when NSAIDs

are contraindicated. The use of prednisone 30–50 mg or its

equivalent initially, which was then tapered gradually over

10 days, resulted in clinical resolution without rebound

arthropathy or steroid complications in most patients.

Colchicine is used in patients with NSAIDs intolerance

or with an absolute (or often relative) contraindication.

Colchicine is most likely to be effective if the treatment is

started within 12–24 h of symptom onset. However, col-

chicine is contraindicated in patients with advanced renal

or hepatic impairment because both the kidneys and liver

participate in colchicine metabolism. Long-term colchicine

treatment in patients with milder renal or hepatic impair-

ment in combination with CYP3A4 inhibitors (e.g. clari-

thromycin) has been associated with a greater risk for

colchicine toxicity due to the resulting increased serum

concentration of colchicines.

Febuxostat is a new drug for hyperuricemia that

received marketing approval by the European Medicines

Agency on April 21, 2008 and was approved by the US

Food and Drug Administration on February 16, 2009.

Febuxostat is a xanthine oxidase inhibitor like allopurinol

and is used in patients with mild-to-moderate renal

impairment. Efficacy for all CKD stages should be further

investigated in a large cohort study.
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Chapter 3: CKD and Nutrition

CQ1 Is dietary protein restriction recommended

to prevent the progression of CKD?

We recommend individualized protein restriction to
patients with CKD in accordance with their specific
clinical condition. (Grade B)

Protein restriction in advanced CKD mitigates the bur-

den of uremic toxins, acid, and phosphate and may

decrease intraglomerular pressure. Accordingly, protein

restriction delays the development of end-stage renal dis-

ease that requires renal replacement therapy, although it

does not significantly slow the rate of renal function

decline. As the standard of care for stage G3b-5 CKD, we

recommend that patients be encouraged to lower their

dietary protein intake to 0.6–0.8 g/kg�standard body weight

(SBW)/day. Actual protein intake should be estimated by

analyzing the urea content in the 24-h urine sample using

the Maroni formula; it should then be evaluated by com-

paring it with the results of previously published studies,

which showed that the achieved protein intakes were

0.75–0.9 g/kg/day in clinical trials with protein restriction

of 0.6–0.8 g/kg/day. Several studies also demonstrated

both the efficacy and potential hazards of a very low pro-

tein diet. Therefore, the potential benefits and risks of

severe protein restriction should be specifically assessed for

each patient. Digestibility and the amino acid score of

protein sources should be taken into consideration when

prescribing protein restriction diets. For early CKD with

the risk of progression, we suggest encouraging patients to

lower their protein intake to 0.8–1.0 g/kg�SBW/day. The

extent of protein restriction should be individualized in

accordance with each patient’s specific clinical condition,

including severity, risk of progression, nutritional status,

and adherence.
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CQ2 Does dietary salt restriction reduce the risk

of progression of CKD to ESRD, cardiovascular disease

and mortality?

We recommend restriction of salt intake to less than
6 g/day to lower the amount of urinary protein and
the risk of ESRD, CVD and mortality. (Grade B)
We do not recommend restriction of salt intake to less
than 3 g/day because it may increase the risk of
ESRD and mortality. (Grade C2)

High salt intake increases blood pressure and urinary

protein, which are risk factors for CKD progression to end-

stage renal disease (ESRD) as well as the development of

cardiovascular disease (CVD) and mortality. Small RCTs

have demonstrated that salt restriction (to approximately

less than 6 g/day) reduces blood pressure and urinary

protein, and may enhance the antiproteinuric effects of

renin-angiotensin inhibitors. Therefore, we recommend

restricting salt intake to less than 6 g/day in patients with

CKD. However, many patients do not achieve this level of

salt restriction. The Dietary Reference Intake for the

Japanese 2010 suggests that the tentative target is less than

9 and 7.5 g/day for males and females, respectively, and

these targets may be feasible for stage G1–2 CKD patients.

It should also be noted that several large observational

studies have shown a J-shaped association of urinary

sodium excretion with the incidence of cardiovascular

disease and mortality in patients with established CVD and

diabetes mellitus. In type 1 diabetic patients, individuals

with the highest and the lowest daily urinary sodium

excretion had reduced cumulative survival. Moreover,

individuals with the lowest urinary sodium excretion

(approximately less than 50 mmol/day) had the highest

cumulative incidence of ESRD. Since some advanced CKD

patients with salt-losing nephropathy may have a high

obligatory salt loss, extreme salt restriction may be harmful

for these patients. Therefore, we do not recommend the

restriction of salt intake to less than 3 g/day. Estimating the

daily sodium intake from a 24-h urine collection is clini-

cally useful to give an indication of the excess amount of

sodium intake and to monitor patient adherence.
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CQ3 What should the target range of serum potassium

levels be in CKD?

We suggest that serum potassium levels should be
maintained in the range between 4.0 and 5.4 mEq/L
in patients with CKD. (Grade C1)

Patients with advanced CKD are at risk of hyperkalemia.

Other risk factors for hyperkalemia include metabolic
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acidosis, diabetes, congestive heart failure, advanced age, and

the use of b blockers and renin-angiotensin-aldosterone sys-

tem (RAAS) inhibitors. In a retrospective cohort of patients

cared for over a single year in the Veterans Health Adminis-

tration, hyperkalemia (C5.5 mEq/L) was associated with high

mortality. Other prospective cohort studies have demonstrated

that patients with hypokalemia (\4.0 mEq/L) also were at

high risk of all-cause mortality, cardiovascular mortality, heart

failure, and end-stage renal disease. Accordingly, we suggest

that serum potassium levels should be maintained between 4.0

and 5.4 mEq/L in patients with CKD. In patients with CKD

and hyperkalemia, metabolic acidosis should be evaluated and

corrected appropriately. When serum potassium levels exceed

5.5 mEq/L without metabolic acidosis, nutritional advice

relating to fruit, vegetable, and protein intake should be pro-

vided. Other treatment options such as reducing the RAAS

inhibitor dosage and administering potassium absorbing resin

can also be pursued. For hypokalemia (K \ 4.0 mEq/L), the

administration of potassium-lowering drugs such as diuretics

and the dietary intake of fruits, vegetables, and protein sources

should be evaluated and managed.
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CQ4 Should metabolic acidosis be corrected to prevent

the progression of CKD and the reduction of mortality?

We recommend normalizing serum bicarbonate level
in patients with CKD and metabolic acidosis to slow
the rate of renal function decline and reduce the risk
of ESRD and mortality. (Grade B)

Metabolic acidosis, frequently observed in patients with

advanced CKD, increases the degradation of muscle pro-

tein, reduces albumin synthesis and leads to abnormal bone

metabolism. Observational studies have shown that a low

serum bicarbonate level is associated with a rapid renal

function decline and a high risk of both ESRD and mor-

tality, and that a high serum bicarbonate level is also

associated with high mortality. Several RCTs have

revealed that sodium bicarbonate delays the development

of ESRD and improves the nutritional status of patients

with advanced CKD and metabolic acidosis. Additionally,

alkali therapy with sodium bicarbonate or sodium acetate

slows the rate of renal function decline not only in patients

with advanced CKD and metabolic acidosis, but also in

those at stage G2 CKD with normal serum bicarbonate

levels. Based on the final serum bicarbonate levels in

intervention groups, we recommend that the serum bicar-

bonate level should be maintained at least above 22 mEq/

L. However, overcorrection of metabolic acidosis by alkali

therapy should be avoided.
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CQ5 What should the target range of serum phosphate

levels be in CKD?

We suggest maintaining serum phosphate levels
within the normal range. (Grade C1)

Serum phosphate levels increase as renal function

declines, but remain within the normal range in moderate

CKD due to elevated levels of the phosphaturic hormones

(FGF23 and parathyroid hormone). However, several

population studies have revealed that serum phosphate

levels, even in the normal range, are positively associated

with mortality, cardiovascular disease, the progression of

CKD, and end-stage renal disease, and that these rela-

tionships are pronounced in diabetic patients. Furthermore,

a sub-analysis of the REIN study indicated that hyper-

phosphatemia may diminish the renoprotective effect of

angiotensin converting enzyme inhibitor (ramipril) in

patients with non-diabetic CKD. Therefore, we suggest

maintaining serum phosphate levels within the normal

range. Consumption of proteins and foods with a high

phosphorus-protein ratio should be avoided by patients

with CKD and hyperphosphatemia to restrict their phos-

phate intake. Additionally, it should be noted that most

food labels do not display the phosphorous content

although the use of phosphate additives is increasing in

Japan. Several fast food products, processed food products,

and instant meals are rich in phosphate-containing
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additives. Thus, patient education about avoiding phos-

phate-containing additives may reduce the phosphate bur-

den. However, future studies are required to determine the

timing and indices of phosphate restriction in CKD patients

at the risk of progression.
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Chapter 4: Hypertension and CVD in CKD

CQ1 Does hypertension cause or aggravate CKD?

There is a strong association between CKD and
hypertension whereby each can cause or aggravate
the other.

Hypertension causes CKD and exacerbates its clinical

condition. Inversely, CKD causes hypertension and is a risk

factor that can aggravate hypertension. In the MRFIT study

and prospective cohort studies, hypertension was found to be

a significant risk factor for end-stage kidney disease (ESKD)

regardless of gender. When the systolic blood pressure (BP)

was elevated by 10 mmHg, the onset of ESKD was increased

by 20–30 %. In addition, while the 10-year hazard ratio (HR)

for the occurrence of G1 or G2 category of CKD is 1.21–1.67

with grade I hypertension (JSH2009), it increases to

1.73–2.17 with grade II-III hypertension.

In addition, in an observational study of patients with

hypertension without CKD, the renal function deteriorated

in patients with inadequate lowering of their blood pres-

sure. Furthermore, it is important to diagnose hypertension

at an early phase and to start appropriate anti-hypertensive

therapy to prevent the progression of CKD to ESKD.
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CQ2 Is anti-hypertensive therapy recommended

for the management of CKD? (Fig. 1)

We strongly recommend anti-hypertensive therapy in
CKD to inhibit or prevent the progression of renal
dysfunction and to prevent the occurrence or recur-
rence of CVD. (Grade A)
In all diabetic patients with CKD, we recommend the
target level of clinic BP 130/80 mmHg, irrespec-
tive of the presence or absence of albuminuria/pro-
teinuria. (Grade B)
In all non-diabetic patients with CKD, we strongly
recommend the target level of clinic BP 140/
90 mmHg at all times, irrespective of the presence or
absence of albuminuria/proteinuria. (Grade A)
In non-diabetic patients with CKD of A2 or A3
category, we suggest the target level of clinic
BP 130/80 mmHg. (Grade C1)

1. Recommendation of anti-hypertensive therapy

The aim of anti-hypertensive therapy is to inhibit the

progression of CKD and to decrease the occurrence of

CVD and mortality. Since many previous studies showed

that the rate of eGFR decrease is slowed according to the

BP levels achieved during anti-hypertensive therapy, it is

clear that anti-hypertensive therapy is effective for inhib-

iting the progression of CKD. It is also clear that
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antihypertensive therapy with BP reduction to less than

140/90 mmHg is beneficial and recommended to decrease

the risks of CVD and mortality. On the other hand, the

benefits of further strict BP reduction to less than

130/80 mmHg have not been established, particularly in

non-diabetic CKD.

2. Antihypertensive therapy for suppressing the progres-

sion of CKD and the occurrence of CVD in diabetic CKD

The results of a recent meta-analysis examining the optimal

BP target in subjects with diabetes or those with IGT suggest

that in patients with diabetes or IGT, a target BP of

130–135 mmHg is acceptable. However, with more aggres-

sive clinic BP goals (\130 mmHg), target organ heteroge-

neity was observed in that the risk of stroke continued to fall,

but there was no benefit in terms of the risk of other macro-

vascular or microvascular (cardiac, renal and retinal) events,

and the risk of serious adverse events even increased. Despite

these risks, since the suppression of stroke in diabetic CKD is

an important issue in Japan, we recommend the target level of

clinic BP to be\130/80 mmHg, irrespective of the presence

or absence of albuminuria/proteinuria (Grade B).

3. Antihypertensive therapy for suppressing the progression

of CKD and the occurrence of CVD in non-diabetic CKD

In all non-diabetic CKD, we strongly recommend the target

level of clinic BP to be maintained consistently at \140/

90 mmHg, irrespective of the presence or absence of albu-

minuria/proteinuria (Grade A). However, the rationale for

further intensive BP reduction to less than 130/80 mmHg in all

CKD, irrespective of the presence or absence of albuminuria/

proteinuria, cannot be established. In a recent systematic ana-

lysis of 3 RCT phases of the MDRD, REIN-2 and AASK

studies and 2 extension cohort phases of the MDRD and AASK

studies, a better prognosis was found for renal events in the

intensive BP control group (target clinic BP level: less than

125–130/75–80 mmHg) compared with the standard BP con-

trol group (target clinical BP level: less than 140/90 mmHg) in

non-diabetic CKD with proteinuria. However, since these

results regarding the relationship between BP levels and the

suppression of CVD occurrence in non-diabetic CKD are

essentially derived from observational studies and sub-analyses

of RCTs without high-level evidence, justification for intensive

BP reduction to less than 130/80 mmHg to suppress CVD,

particularly stroke, in CKD, needs further accumulation of

‘‘high-level’’ evidence. Therefore, in non-diabetic patients with

category A2 and A3 CKD, we can only tentatively suggest the

target level of clinic BP to be\130/80 mmHg (Grade C1).

4. Emerging importance of tailoring BP treatment in CKD

Recent evidence has suggested that tailoring BP treatment

according to age, circadian BP rhythm and seasonal BP

change may be important for the management of CKD. For

example, in middle-aged CKD with chronic glomerulone-

phritis, RAS inhibitors (ARB, ACEI) are recommended as

the first-line anti-hypertensive drugs. The dosage of RAS

inhibitors may be cautiously titrated to reduce proteinuria to

the levels of A1 or A2 categories, with attention to the

symptoms of hypotension and decline of eGFR. In addition,

it has been reported that seasonal BP changes may affect

conditions of hypertension and CKD. Particularly tailoring

anti-hypertensive therapy is suggested to be crucial for the

management of CKD in elderly patients.
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CQ3 Is restriction of salt intake recommended

for the management of hypertension in CKD?

We strongly recommend restriction of salt intake
to 6 g/day to inhibit the progression of renal dys-
function. (Grade B)
We do not suggest more strict restriction of salt
intake to 3 g/day due to the possibility of
increasing the mortality or accelerating the progres-
sion of renal dysfunction. (Grade C2)

The salt restriction reportedly reduced proteinuria and

inhibited the progression of CKD. The dietary sodium
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restriction to \6 g/day was more effective than dual RAS

inhibition for reducing proteinuria and BP in non-diabetic

CKD. In addition, therapeutic effects of ARB compared

with non-RAS inhibitor-based therapy on renal and car-

diovascular outcomes were greater in diabetic CKD with

lower rather than higher dietary sodium intake.

Collectively, we recommend salt restriction to inhibit the

progression of CKD via efficient BP reduction. The recom-

mended target level of salt intake is 3–6 g/day. On the other

hand, it is reported that excessive salt restriction may cause

appetite loss and promote renal dysfunction due to dehydra-

tion, especially in elderly CKD. In CKD with type 1 diabetes,

salt intake was independently associated with overall mor-

tality and ESRD, and there was a significant increase in

mortality in subjects with urinary sodium excretion =/

\50 mmol (salt intake =/\3 g/day). Therefore, we do not

suggest further reduction of salt intake to\3 g/day due to the

possibility of increasing the mortality and accelerating the

progression of renal dysfunction (Grade C2). When salt

restriction is difficult, we recommend administration of low-

dose diuretics. Thiazide or thiazide-like diuretics in the G1,

G2 or G3 categories and loop diuretics in the G4 or G5 cate-

gories are beneficial for promoting sodium excretion in CKD.
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CQ4 What kind of anti-hypertensive drugs are

recommended as the first line medication

for the management of hypertension in CKD? (Fig. 1)

In diabetic A1 category CKD, we tentatively suggest
RAS inhibitors (ACE inhibitors or ARBs) as the first-
line anti-hypertensive drugs. (Grade C1)
In diabetic A2 or A3 category CKD, we strongly
recommend RAS inhibitors as the first-line anti-
hypertensive drugs. (Grade A)
In non-diabetic A1 category CKD, we recommend
RAS inhibitors, CCB or diuretics as the first-line anti-
hypertensive drugs. (Grade B)
In non-diabetic A2 or A3 category CKD, we
recommend RAS inhibitors as the first-line anti-
hypertensive drugs. (Grade B)

Fig. 1 Summary of the recommended management of hypertension with CKD
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1. First-line anti-hypertensive drugs for diabetic CKD

In diabetic A2 and A3 category CKD, we recommend

RAS inhibitors as first-line anti-hypertensive drugs. The

renal and cardiovascular protective effects of RAS inhibi-

tion depend on the degree of albuminuria/proteinuria at the

baseline. Thus, we strongly recommend the RAS inhibitors

as the first-line anti-hypertensive drugs for diabetic A2 or

A3 category CKD.

In T2DM (type 2 diabetes mellitus) patients with normo-

albuminuria (A1), ACE-I or ARB inhibited the develop-

ment of micro-albuminuria, particularly in the presence of

hypertension. However, there have been no large-scale

studies investigating the relative renal or cardiovascular

protective effects of RAS inhibitors and other classes of

anti-hypertensive drugs with a head-to-head comparison in

diabetic CKD patients with reduced GFR and normal uri-

nary albumin excretion. Thus, we tentatively suggest the

RAS inhibitors as first-line anti-hypertensive drugs for

diabetic CKD with normo-albuminuria (A1).

To achieve the recommended clinic BP target, combi-

nation therapy should be considered. When mono-therapy

with a RAS inhibitor is not sufficient to achieve the target

BP, combination therapy employing a RAS inhibitor

together with a long-acting CCB, a thiazide-type diuretic

(thiazides and thiazide-like agents for G1, G2 or G3 cate-

gory) or a loop diuretic (for G4 or G5 category) should be

considered. In CKD G4 or G5, a combination of a thiazide

diuretic and a loop diuretic may be considered to obtain

adequate diuresis while exerting due caution for possible

adverse effects, such as renal deterioration, hyponatremia

and hypokalemia.

2. First-line anti-hypertensive drugs for non-diabetic

CKD

In non-diabetic A1 category CKD, no convincing evi-

dence exists to demonstrate the superior benefits of ARBs or

ACE inhibitors over other classes of anti-hypertensive drugs.

A meta-analysis of patient-level data also showed the bene-

ficial effect of ACE-I in slowing the progression of non-

diabetic CKD with higher baseline urinary protein excretion.

Furthermore, ARB reduced the incidence of renal events

compared with CCB therapy in Japanese high-risk hyper-

tensive patients with G4 category CKD and proteinuria.

Therefore, for non-diabetic A1 category CKD, ARBs,

ACE inhibitors, CCBs or diuretics are recommended as

preferred anti-hypertensive drugs (Grade B). On the other

hand, RAS inhibition has been shown to be particularly

beneficial for renoprotection in non-diabetic CKD patients

with proteinuria (A2 and A3 categories), and the presence

of proteinuria in non-diabetic CKD patients is a rationale

for priority of the RAS inhibitors as first-line anti-hyper-

tensive drugs (Grade B).
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Chapter 5: Nephrosclerosis

CQ1 Is antihypertensive treatment recommended

for nephrosclerosis?

We recommend appropriate antihypertensive treat-
ment that reduces the progression of renal dysfunc-
tion for adults with nephrosclerosis. (Grade A)
We recommend that adults with nephrosclerosis with
proteinuria of 0.15 g/gCr (A1 category) be treated
with blood pressure-reducing drugs to maintain a
consistent blood pressure of 140/90 mmHg.
(Grade A)
We recommend that adults with nephrosclerosis with
proteinuria of ≥ 0.15 g/gCr (A2 and 3 categories) be
treated with blood pressure-reducing drugs to main-
tain a consistent blood pressure of 130/80 mmHg.
(Grade C1)

The AASK study examined the effect of antihyperten-

sive treatment on 1,094 enrolled African American patients

with hypertensive nephrosclerosis. No such trial has yet

been conducted to study Japanese patients. The study had a

3 9 2 factorial design with patients randomly assigned to

low (mean arterial pressure (MAP) \ 92 mmHg) or usual

(MAP 102–107 mmHg) blood pressure targets, and

administered any one of the three initial therapies, ACEIs,

b-blockers, or CCBs. Since the AASK study suggested that

lower blood pressure was associated with the prevention of

progression of CKD, we recommend antihypertensive

treatment for adults with nephrosclerosis.

In a random period of the AASK trial, the average rate of

change (as a slope) in GFR did not differ between the low and

usual blood pressure groups (MAP \92 mmHg and

102–107 mmHg, respectively) and the low and high pro-

teinuria groups (\0.22 g/gCr and [0.22 g/gCr, respec-

tively). In the post-trial follow-up period of AASK, there was

a difference between the low and usual blood pressure groups

and in the progression of kidney disease in the group with

proteinuria ([0.22 g/gCr), but there was no difference in the

group without proteinuria. Additionally, in the extended

follow-up period of the AASK trial, low levels of proteinuria

at baseline and randomization for the lower blood pressure

goals were associated with an increase in eGFR.

From these findings, we recommend that adults with

nephrosclerosis with proteinuria of \0.15 g/gCr (A1 cate-

gory) be treated with BP-reducing drugs to maintain a

consistent blood pressure of\140/90 mmHg. Furthermore,

we suggest that adults with nephrosclerosis with protein-

uria of 0.15–0.5 g/gCr (A2 category) and C0.5 g/gCr (A3

category) be treated with blood pressure -reducing drugs to

maintain a consistent blood pressure of \130/80 mmHg.
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CQ2 Which antihypertensive drugs are recommended

as preferred medications for the management

of hypertension in adults with nephrosclerosis?

We recommend that an ARB or an ACEI be used for
hypertension in adults with nephrosclerosis with
proteinuria of 0.15–0.5 g/gCr (A2 category)
or ≥ 0.5 g/gCr (A3 category). (Grade B)
In adults with nephrosclerosis with proteinuria
of 0.15 g/gCr (A1 category), we recommend
ARBs, ACEIs, CCBs, and diuretics as the preferred
antihypertensive drugs. (Grade B)

In the AASK trial, an ACEI was beneficial for patients

with proteinuria compared with a CCB and retarded the

progression of renal disease in patients with hypertensive

renal disease and proteinuria. The findings of the AASK

trial suggest that ARBs or ACEIs can be used in adults with

nephrosclerosis with proteinuria of 0.15–0.5 g/gCr (A2

category) or C0.5 g/gCr (A3 category) who are prescribed

treatment with blood pressure-reducing drugs. The reno-

protective benefit of ACEIs in these participants without

proteinuria was less definitive compared with that of CCBs

or b-blockers. In the 8–12-year post-trial follow-up period

of the AASK trial, patients were treated to achieve a blood

pressure of\130/80 mmHg with either ACEIs or ARBs if

the patient was ACEI-intolerant. There was no difference

between the groups in terms of the progression of CKD.

Patients with higher levels of proteinuria ([1 g/24 h) but

not those with low levels of proteinuria, had a slower rate
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of kidney function loss when randomized to the more

stringent blood pressure target control group. These find-

ings are similar to the findings of the ALLHAT, LIFE, and

TRANCEND trials, suggesting that ARBs or ACEIs can be

used for adults with nephrosclerosis with proteinuria of

0.15–0.5 g/gCr (A2 category) or C0.5 g/gCr (A3 cate-

gory); however, these groups of drugs are less effective for

the A1 category (\0.15 g/gCr). Therefore, we also rec-

ommend CCB and diuretics as the preferred blood pres-

sure-reducing drugs for the A1 category.
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Chapter 6: Renal artery stenosis

CQ1 Which methods are recommended

for the diagnosis of renal artery stenosis?

We recommend duplex ultrasonography, computed
tomographic angiography or magnetic resonance
angiography (MRA) as a screening test to diagnose
renal artery stenosis.
When the results of noninvasive clinical tests are
suggestive but inconclusive, we recommend catheter
angiography as a diagnostic test for renal artery
stenosis.

1. Summary ROC curves revealed that computed tomog-

raphy angiography and gadolinium-enhanced, three-

dimensional magnetic resonance angiography are sig-

nificantly better than duplex ultrasonography. However,

duplex ultrasonography is an inexpensive and widely

available test. The usefulness and reliability of Doppler

ultrasound partly depends on the specific operator and the

time allotted for optimal studies. Its main drawbacks

relate to the difficulties of obtaining adequate data in

obese patients and in patients with multi-vessel renal

arteries.

2. Gadolinium-enhanced imaging of the abdominal and

renal vasculature has been used as a tool for diagnosing

renovascular diseases at many institutions. Concerns

about potential adverse effects of gadolinium-based

contrast for imaging, such as nephrogenic systemic

fibrosis, have effectively eliminated contrast-enhanced

magnetic resonance imaging for patients with eGFR

\30 ml/min/1.73 m2. Current multi-detector com-

puted tomography studies allow for excellent image

resolution with rapid acquisition and less contrast

exposure than before. Intra-arterial and intrarenal

arterial angiography currently remain the gold standard

for imaging vascular anatomy and stenotic lesions in

the kidney at the time of a planned intervention, such as

endovascular angioplasty and/or stenting.
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CQ2 Is antihypertensive therapy recommended

for managing renal artery stenosis in patients

with CKD?

We strongly recommend antihypertensive therapy for
the management of renal artery stenosis with CKD to
slow the progression of renal dysfunction. (Grade A)

RAS inhibitors, calcium channel blockers and

diuretics are recommended as the preferred antihyper-

tensive drugs in patients with unilateral renal artery

stenosis; however, information from prospective, ran-

domized trials that have compared these medications is

limited for renovascular disease. From cohort data,

improved survival and decreased CVD events were

found to be associated with the use of ACEIs in revas-

cularized and medically-treated patients. Use of RAS

inhibitors is contraindicated in patients with bilateral

renal artery stenosis because of possible subsequent

renal deterioration. When hyperkalemia, hypotension or

symptoms/signs of hypoperfusion of organs emerges

with use of RAS inhibitors, dose reduction or discon-

tinuation of the drugs should be considered.
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CQ3 Is percutaneous revascularization combined

with medical therapy recommended for the treatment

of patients with renal artery stenosis and CKD?

We tentatively suggest percutaneous revasculariza-
tion combined with medication for the treatment of
patients with hemodynamically significant renal
artery stenosis and CKD. (Grade C1)

1. After a comparison of BP changes occurring after renal

revascularization reported by several RCTs and meta-

analyses, renal revascularization was found to be effec-

tive for reducing BP and improving renal function and

the patients’ prognoses. The usefulness of percutaneous

revascularization for renal artery stenosis is not yet well-

established and has not been proved to be more effective

than antihypertensive medication alone. However, there

have been beneficial effects of revascularization in

selected patients, particularly in those with bilateral

kidney disease. We advise that adverse effects of

revascularization be considered carefully.

2. Two RCTs (STAR and ASTRAL trials) showed no

evidence of any significant clinical benefit of revas-

cularization in the BP control, renal prognosis or CVD

events, compared to medication.

3. The results of clinical trials indicate that the benefits of

endovascular procedures are moderate compared with

effective antihypertensive medication. Patients failing

to respond to medication often show improved BP

control after revascularization for heart failure. From

these findings, we suggest that percutaneous revascu-

larization be used to treat patients with hemodynam-

ically significant renal artery stenosis.

Bibliography

1. Plouin PF, et al. Hypertension 1998; 31: 823-9. (Level 2)

EMMA trial

2. Webster J, et al. J Hum Hypertens. 1998;12:329–35. (Level 2)

SNRASCG trial

3. van Jaarsveld BC, et al. N Engl J Med. 2000;342:1007–14.

(Level 2) DRASTIC trial

4. Ives NJ, et al. Nephrol Dial Transplant. 2003;18:298–304.

(Level 1)

5. Losito A, et al. Nephrol Dial Transplant. 2005;20:1604–9.

(Level 4)

6. Balk E, et al. Ann Intern Med. 2006;145:901–12. (Level 4)

7. Bax L, et al. Ann Intern Med. 2009;150:840–8. (Level 2) STAR

trial

8. The ASTRAL Investigators. N Engl J Med. 2009;361:1953–62.

(Level 2) ASTRAL trial

9. Ronden RA, et al. J Hypertens. 2010;28:2370–7. (Level 1)

10. Cooper CJ, et al. Am Heart J. 2006;152:59–66. (Level 2)

CORAL trial

Chapter 7: Renal anemia

CQ1 Is treatment with Erythropoiesis-Stimulating

Agent (ESA) recommended for renal anemia in non-

dialysis CKD?

We recommend ESA treatment for renal anemia in
non-dialysis CKD patients, because it can be expec-
ted to improve the QOL. (Grade B)
It is not clear whether ESA treatment can prevent the
progression of CKD and decrease the incidence of
CVD in non-dialysis CKD.
We do not recommend Hb level 13.0 g/dL in ESA
treatment, because this condition may increase the
incidence of CVD in non-dialysis CKD. (Grade D)

ESA treatment is reasonable for renal anemia because

a major cause of renal anemia is a deficiency of eryth-

ropoietin. Despite the unclear effects of ESA treatment

on the progression of CKD and the incidence of CVD,

many studies have demonstrated that ESA treatment for

renal anemia in CKD improves the QOL. Therefore, we

recommend ESA treatment for renal anemia in CKD.

However, because some recent large RCTs, such as

TREAT, CREATE and CHOIR, showed that CVD events

increased in the group with a higher Hb target ([13 g/

dL) as compared to the group with a lower Hb target

(9–11 g/dL), ESA treatment with a target Hb level

exceeding 13.0 g/dL is not recommended for renal ane-

mia in CKD patients.
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CQ2 Is ESA treatment for renal anemia effective

for preventing CKD progression and decreasing

the incidence of CVD?

Some reports have suggested that ESA treatment for
renal anemia was effective for preventing CKD pro-
gression and decreasing the incidence of CVD.
ESA treatment targeting Hb levels 12–13 g/dL did
not seem to be effective for preventing CKD pro-
gression or decreasing the incidence of CVD com-
pared to the Hb level of 9–11.5 g/dL, but rather had
the potential to lead to an increase in the incidence of
CVD.

Recent large RCTs conducted overseas demonstrated

that groups with higher Hb levels did not show effectiveness

in terms of preventing the progression of CKD and

decreasing the incidence of CVD compared to groups with

lower Hb levels. A meta-analysis including these RCTs

concluded that targeting higher Hb levels ([12–13 g/dL)

probably increases the risk of death, serious cardiovascular

events and end-stage renal disease. In contrast, a Japanese

RCT demonstrated that groups with a higher Hb level

(11–13 g/dL) treated with darbepoetin had a more favorable

outcome in terms of preventing the progression of CKD and

cardiac hypertrophy compared to groups with a lower Hb

(9–11 g/dL) treated by rHuEPO. Further analysis is neces-

sary to clarify this issue.
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CQ3 Are higher doses of ESA recommended for renal

anemia in non-dialysis CKD?

We do not recommend higher doses of ESA for renal
anemia in non-dialysis CKD, because the risk of
CVD might increase. (Grade D)

From large clinical trials on ESA treatment in non-

dialysis CKD patients, it has been reported that a higher Hb

target increased the risk of CVD events. From this result,

there were concerns that higher doses of ESA might cause

higher incidence of CVD events.

There is no clear definition of what constitutes a high dose

of ESA in the treatment of renal anemia at present. However,

the above-mentioned results suggested that higher doses of

ESA might have led to the higher incidence of CVD events in

non-dialysis CKD. Until now, it has not been clear whether a

higher Hb target or a higher dose of ESA presents a risk for

CVD events. In addition, low responsiveness to ESA is

probably a factor involved in this problem. In general,

patients with low responsiveness to ESA require higher

doses of ESA, thus low responsiveness to ESA is also a

possible cause of a higher incidence of CVD events. We

cannot determine whether or not the higher doses of ESA are

the cause of a higher incidence of CVD events, hence the use

of higher doses of ESA should be avoided at this time.
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CQ4 Is iron treatment recommended for renal anemia?

We suggest that iron supplementation be considered
as a treatment for renal anemia in patients with
suspected iron deficiency. However, the safety mar-
gin for iron supplementation is unclear. (Grade C1)

It is important to diagnose and correct iron deficiency

because iron treatment has the potential to yield a mean-

ingful erythropoietic response in CKD patients. On the

other hand, iron supplementation carries the risk of several

disorders if there is an iron overdose. Serum ferritin and

TSAT (Fe/TIBC) are widely used to estimate body iron
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stores in spite of their limited diagnostic power. There is

only limited evidence in patients with CKD that serves as a

guide for defining a specific upper limit of the target range

for iron treatment. Therefore, at present, it is difficult to

assess iron status precisely and avoid an iron overdose.

Consequently the guidelines of several countries have each

proposed criteria for iron treatment. The decision to

administer iron to an individual patient should be based on

the assessment that the potential adverse effects of iron

supplementation are appropriately outweighed by the

expected benefits of treatment.
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CQ5 Are long-acting ESAs recommended

for treatment of renal anemia in non-dialysis CKD?

We suggest that treatment using long-acting ESAs
can be considered for renal anemia in non-dialysis
CKD patients. (Grade C1)

Recently, long-acting ESAs have become available. The

advantage of these new ESAs was examined.

Since long-acting ESAs have a longer half-life as

compared to recombinant human erythropoietin (rHuEPO),

improving and maintaining the Hb level through a lower

frequency of administration can be expected. At the same

time, long-acting ESA might change the clinical outcome

as a result of the different function and duration of activity.

However, the latter is not clear at present. For the former

statement, a cohort study on darbepoetin alfa (DA) by

Gobin et al. has been the only one to report that the fre-

quency of administration necessary for achieving the target

Hb was decreased by replacing rHuEPO with long-acting

ESA in non-dialysis CKD. A randomized controlled trial

comparing DA with rHuEPO has not been conducted, so

the absolute superiority of DA over rHuEPO has not been

demonstrated. The status of methoxy polyethylene glycol-

epoetin beta is also the same. Although a randomized

controlled trial has been conducted, it merely confirmed

that administration every 4 weeks did not yield inferior

results compared with administration every 2 weeks. As

mentioned above, we conclude that currently there is no

strong reason to recommend long-acting ESAs.
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Chapter 8: CKD–Mineral and Bone Disorders (MBD)

CQ1 Is targeting serum phosphate within the normal

range recommended for CKD patients?

We recommend that serum phosphate levels should
be targeted within the reference range irrespective of
the CKD stage, because a higher serum phosphate
level is associated with poorer overall and renal
outcomes. However, precise target levels and desir-
able methods of intervention have not yet been
established. (Grade C1)

One recent meta-analysis showed that a 1 mg/dL

increase in the serum phosphate level was associated with a

29 % increase in all-cause mortality in CKD patients. A

sub-analysis using a limited number of well-designed

studies with multiple covariates demonstrated an even

higher hazardss ratio of 1.35. Due to a lack of evidence, the

association of serum phosphate with cardiovascular death

in CKD patients remains to be elucidated.

In other reports, a high serum phosphate level was

associated with a steeper decline in eGFR and an increased

risk of ESRD in CKD patients.

Furthermore, since a higher serum phosphate level even

within the reference range is associated with cardiovascular

events and development and progression of CKD in the

general population, it would seem prudent to state that a

high serum phosphate should be avoided.

However, there have been no reported RCTs that

directly compared the overall and renal outcomes pro-

spectively in different phosphate-level arms. Therefore,

there is no evidence about the extent to which the phos-

phate level should be lowered.

Recently, FGF23, a newly-found phosphaturic hormone,

has been demonstrated to be a strong prognostic marker of

overall, cardiovascular, and renal outcomes in CKD

patients. An increase in the level of FGF23 in the serum is

known to precede that of phosphate and is evoked by daily

oral phosphorus intake. Accordingly, even within the ref-

erence range of phosphate, some CKD patients could be at

risk of a phosphate overload and subsequently a poorer

outcome. Thus, theoretically it is preferable to keep the
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level of serum phosphate as low as possible within the

reference range in CKD patients.

Since there is very little evidence demonstrating the

benefit of treatment or modification of diet to achieve lower

serum phosphate levels in CKD patients, no recommen-

dation for specific intervention is provided here. More

studies are required.
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CQ2 Do serum parathyroid hormone (PTH) levels

affect the mortality of patients with CKD?

Whether or not PTH levels affect the mortality of
patients with CKD remains unclear.

Many studies have demonstrated that phosphate is clo-

sely associated with all-cause and CVD mortality. How-

ever, the relationship between serum PTH levels and

mortality in patients with CKD remains ambiguous. Only

two papers of studies that investigated the relationship

between serum PTH levels and mortality in patients with

CKD have been found in a literature search. These studies

were retrospective and included only a small number of

patients with CKD. The results showed a significant rela-

tionship between serum PTH levels and mortality risk.

However, in addition to a small number of study patients,

the observational period was relatively short. The number

of deaths was very large during such a short observational

period, and these results are not thought to be applicable to

Japanese patients with CKD. Furthermore, a meta-analysis

including dialysis patients demonstrated that serum PTH

was not significantly associated with mortality. Taken

together, these mixed findings indicate that at present, the

effect of serum PTH levels on the mortality of patients with

CKD remains unclear.
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CQ3 Is vascular calcification associated

with an increased risk of CVD in patients with CKD?

Vascular calcification appears to be associated with
an increased risk of CVD in patients with CKD.

Vascular calcification is an important finding that is

related to various clinical problems. It is well known that

vascular calcification is a crucial risk factor for CVD and

mortality in dialysis patients. However, detailed data in

non-dialysis patients with CKD are lacking. Only two

papers in a literature search have shown a relationship

between vascular calcification and CVD. Though these two

studies included only a small number of study patients and

were observational and prospective, their results demon-

strated that coronary artery calcification was significantly

correlated with CVD and mortality. In addition, a meta-

analysis and large-scale studies including patients with and

without CKD revealed that vascular calcification is sig-

nificantly associated with increased all-cause and CVD

mortality. Taken together, it is considered that vascular

calcification is associated with an increased risk of CVD

even in non-dialysis patients with CKD.
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CQ4 Is taking vitamin D good for the kidney?

It is unclear whether or not an active form of vitamin
D and/or its analogs can ameliorate the progression of
CKD.

Vitamin D plays a crucial role in the progression of

CKD and the development of hyperparathyroidism.

Several observational studies have reported that poor

vitamin D status, which is diagnosed from a low serum

hydroxyvitamin D level, is associated with an increased risk

of all-cause mortality in CKD patients irrespective of their

dialysis status and even in the general population. One

meta-analysis clearly showed that the administration of

cholecalciferol (not for prescription in Japan), a native form

of vitamin D, improves overall survival in the general

population, especially in elderly women. However, there

was no subgroup analysis of CKD patients who were not yet

on dialysis. Accordingly, it cannot be conclusively stated

that taking cholecalciferol is beneficial for CKD patients.

According to the results of several observational studies,

the administration of calcitriol or an active form of vitamin

D, which had long been conducted for controlling secondary

hyperparathyroidism, was associated with lower all-cause

and cardiovascular mortality in CKD patients independently

of serum phosphate, calcium, and PTH levels. However, no

RCT has yet been conducted to test the finding.

On the other hand, paricalcitol (not approved in Japan), a

vitamin D analog that is less likely to cause hypercalcemia

than calcitriol, demonstrated promising results in protecting

cardiomyocytes in both experimental animal studies and

human observational studies. Although a related RCT

recently failed to achieve a clinically meaningful outcome

in terms of cardiac remodeling, paricalcitol and other vita-

min D analogs are still assumed to have a renoprotective

effect by reducing the amount of proteinuria. Nevertheless,

this assumption needs to be elucidated in future study.

Due to a lack of evidence from RCTs, administration of

an active form of vitamin D or its analogs remains con-

troversial in that it could ameliorate overall and renal

outcomes, and could help control secondary hyperpara-

thyroidism in CKD patients; however, it is important to

note that the administration of [0.5 lg/day of alfacalcidol

or [0.25 lg/day of calcitriol may induce an adverse event

of hypercalcemia and subsequent kidney damage.
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Chapter 9: Diabetic nephropathy

CQ1 Are albuminuria and results of eGFR

measurements early detection markers for diabetic

nephropathy?

Measurement of albuminuria is essential for the early
detection of diabetic nephropathy.
Measurement of eGFR is not useful for the early
detection of diabetic nephropathy.

Early detection markers of diabetic nephropathy enable

better prediction of the prognosis of CKD or CVD. Albu-

minuria is a good predictive marker for the progression of

CKD and cardio-vascular events in diabetic patients. How-

ever, mild reduction of eGFR does not predict the progres-

sion of CKD and cardio-vascular events in diabetic patients.

Although albuminuria is a clinically good predictive

marker for the prognosis of CKD or CVD, pathological

changes of typical diabetic nephropathy are occasionally

detected in patients with normoalbuminuria. Although

30 mg/gCr is now the upper limit of normoalbuminuria,

this level should be re-estimated with new evidence in

future. Furthermore, albuminuria is not specific for diabetic

nephropathy. More sensitive and specific markers are

necessary to detect early diabetic nephropathy.
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CQ2 Is tight glycemic control recommended

for preventing the onset and progression of diabetic

nephropathy?

We recommend tight glycemic control for preventing
the onset and progression of early diabetic nephro-
pathy. (Grade B)
The target for HbA1c is 7.0 % in early diabetic
nephropathy. (Grade B)
In the advanced stage with overt nephropathy, the
effect of tight glycemic control on the prevention of
progression of diabetic nephropathy is not clear.

Chronic hyperglycemia is the main causal factor of dia-

betic vascular complications, including nephropathy. Previ-

ous landmark clinical studies (the DCCT and EDIC studies

for type 1 diabetes, UKPDS, Kumamoto, ADVANCE,

ACCORD and the VADT study for type 2 diabetes) showed

that tight glycemic control prevents the onset and progression

of early nephropathy, and the target for HbA1c is\7.0 %.

There are no reports of prospective studies that exam-

ined the effect of blood glucose control at the advanced

stage with overt nephropathy; therefore, the effect of tight

glycemic control on the suppression of diabetic nephrop-

athy is not clear.
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CQ3 Is tight glycemic control recommended

for suppressing the onset of CVD in patients

with diabetic nephropathy?

We recommend glycemic control for suppressing the
onset of CVD in patients with diabetic nephropathy.
(Grade C1)
Glycemic control without hypoglycemia is important,
and the target of glycemic control should be con-
sidered in relation to the risk for each individual
patient.

Renal dysfunction, such as microalbuminuria and pro-

teinuria, is recognized to be an independent risk factor for the

onset of CVD. Patients with CKD, including diabetic

nephropathy, often develop CVD.

The effect of glycemic control alone on the onset of CVD in

patients with diabetic nephropathy is unclear. However, glycemic

controlmightcontribute tosuppressing theonsetofCVDasacore

treatment in multifactorial intensive therapy for diabetic

nephropathy, and is an important factor for achieving the remis-

sion of albuminuria. It should also be noted that tight glycemic

control might increase serious hypoglycemia, and reportedly

could be a risk factor for increased mortality and the development

of CVD in type 2 diabetes. Therefore, glycemic control that

avoids hypoglycemia is crucial, and the glycemic control target

should be considered along with the risks to the individual patient.
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CQ4 Which anti-diabetic medications are

recommended as the first-line treatment for diabetic

nephropathy?

There is no significant difference among anti-diabetic
medications for suppressing the onset and progres-
sion of diabetic nephropathy. At the early stage of
nephropathy, anti-diabetic medications need to be
selected in consideration of the individual patient’s
diabetic pathophysiology. At the advanced stage of
overt nephropathy with reduction of renal function,
anti-diabetic  medications  should  be  selected  in
consideration of the individual patient’s renal
function.
In CKD complicated with diabetes, anti-diabetic
medications should be selected inconsideration of the
individual patient’s renal function.
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Anti-diabetic medicines include insulin and GLP-1

receptor agonist as injectable agents, and sulfonylurea,

glinide, thiazolidinedione, biguanide, a-glucosidase inhib-

itior and dipeptidyl peptidase-4 inhibitor as oral anti-dia-

betic agents. There is no significant difference among anti-

diabetic medications in terms of the onset and progression

of diabetic nephropathy, so far. Therefore, it is necessary to

select anti-diabetic agents to control glucose levels tightly

taking into consideration the individual patient’s diabetic

pathophysiology at the early stage of nephropathy. So far,

there has been no study conducted to compare directly the

effects of anti-diabetic medications in terms of their sup-

pression of the onset and progression of diabetic

nephropathy.

At the advanced stage of overt nephropathy with a

reduction in renal function, the risk of hypoglycemia might

be increased. Therefore, a therapeutic agent for diabetes

should be selected with consideration of the patient’s renal

function to avoid the occurrence of hypoglycemia.
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CQ5 Is salt restriction recommended for hypertensive

diabetic patients with CKD?

To reduce blood pressure, we recommend reducing
the salt intake of hypertensive diabetic patients with
CKD. (Grade B)
We recommend salt restriction to below 6 g/day in
hypertensive diabetic patients with CKD. (Grade B)
We suggest avoiding salt restriction below 3 g/day in
hypertensive diabetic patients with CKD. (Grade C2)

It is well known that a dietary salt intake is positively

associated with blood pressure in general hypertensive

patients. In addition, the salt sensitivity of blood pressure

increases in the majority of patients with CKD.

There is some evidence that a low salt diet reduces

blood pressure and urinary albumin (protein) excretion in

diabetic patients with CKD. In addition, a low salt diet is

critical to optimize the efficacy of medication used to

reduce blood pressure and urinary albumin (protein)

excretion. Therefore, we recommend a low salt diet for

hypertensive diabetic patients with CKD.

Volume depletion associated with intensive salt

restriction should be avoided in hypertensive diabetic

patients with CKD, especially in the elderly.

There is no conclusive evidence demonstrating that salt

restriction reduces mortality and cardiovascular events in

diabetic patients with CKD. Further studies are needed to

address this issue.
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CQ6 Are RAS inhibitors recommended as the first-line

drug for hypertensive diabetic patients with CKD?

We recommend RAS inhibitors as the first-line drug
for hypertension to prevent the progression of CKD
with diabetes. (Grade A)

Blood pressure control reduced the risk of cardiovas-

cular events in patients with diabetic nephropathy. Reno-

protective effects of RAS inhibitors beyond blood pressure

control have been reported.

It has been reported that in diabetic patients with nor-

moalbuminuria or microalbuminuria, RAS inhibitors pre-

vented increase in the levels of albuminuria or proteinuria.

In diabetic patients with macroalbuminuria, renal function

was reported to be preserved by the administration of RAS

inhibitors. In comparison with CCBs, RAS inhibitors

showed similar or more reno-protective effects in diabetic

patients with CKD. These data indicated that RAS inhibi-

tors should be the first-line drug for hypertensive diabetic

patients with CKD.
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CQ7 Is antihypertensive therapy recommended

to inhibit the involvement of CVD in diabetic patients

with CKD?

We recommend antihypertensive therapy to prevent
the involvement of CVD in diabetic patients with
CKD. (Grade B)

Diabetes and hypertension are risk factors for CVD as

well as dyslipidemia, obesity and smoking. Accordingly,

the efficacy of antihypertensive therapy for CVD events

should be evaluated.

There are many reports that antihypertensive therapy

reduces the incidence of CVD events. Therefore antihy-

pertensive therapy is recommended for diabetic patients

with CKD. However, there are some reports that lowering

the systolic blood pressure to less than 110 mmHg raises

the risk of death. Further studies are needed to determine

the optimum target for blood pressure.
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CQ8 Are RAS inhibitors recommended

for normotensive diabetic patients with CKD?

We recommend RAS inhibitors to prevent kidney
dysfunction in normotensive diabetic patients with
CKD. (Grade B)

Currently, there is strong evidence that a RAS inhibitor

is effective for diabetic patients with CKD. In normoten-

sive type 1 diabetic patients, there is only little evidence

that RAS inhibitors prevent progression of kidney dys-

function. In contrast to type 1 diabetic patients, there is

some evidence that RAS inhibitors prevent the progression

of kidney dysfunction in normotensive type 2 diabetic

patients.

Moreover, there is some evidence that combinations of

RAS inhibitors with other antihypertensive agents are also

effective for preventing the progression of kidney dys-

function in normotensive type 2 diabetes.

There is some evidence that RAS inhibitors have reno-

protective effects in type 2 diabetic patients, even among

normotensive cases. However, the lowest target of BP is

unknown and further investigations are needed to address

this issue.
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CQ9 Is a low protein diet recommended to suppress

the progression of diabetic nephropathy?

We recommend a low protein diet, because an inhi-
bitory effect on nephropathy can be expected. (Grade
B)
The amount of protein restriction should be deter-
mined on the basis of risk to the individual patient’s,
pathophysiology and adherence.

In the development of progressive renal disease,

including diabetic nephropathy, the activity of the under-

lying disease is important as a basic factor (blood glucose
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level in the case of diabetic nephropathy). In addition,

hemodynamic and metabolic abnormalities are factors

affecting the progression of renal injuries, and protein

intake affects these factors. From the results of animal

experiments, protein restriction has been found to exert a

renoprotective effect through the improvement of glomer-

ular hypertrophy, glomerular capillary resistance, and

glomerular hypertension by improving abnormal metabolic

factors and hemodynamics.

The effect on a low protein diet on suppressing the

progression of diabetic nephropathy (especially in type 2

diabetes) is not clear. However, protein restriction can be

expected to provide a renoprotective effect in diabetic

nephropathy. Therefore, at the G3 stage of CKD, protein

restriction of 0.8–1.0 g/kg standard body weight/day is

recommended, and at the G4 stage: 0.6–0.8 g/kg standard

body weight/day is recommended. The accumulation of

additional evidence is required to make a recommendation

on an advanced low protein diet (\0.5 g/kg standard body

weight/day) and currently this should be determined by

each individual patient’s risk, pathophysiology and

adherence.
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CQ10 Is multifactorial intensive therapy recommended

for suppressing the onset and progression of diabetic

nephropathy?

We recommend multifactorial intensive therapy,
including blood glucose, blood pressure and lipid
control for suppressing the onset and progression of
early diabetic nephropathy. (Grade B)
At the advanced stage of overt nephropathy, the
effect of multifactorial intensive therapy for sup-
pressing nephropathy is not clear.

The Steno-2 Study showed the effect of multifactorial

intensive therapy, including blood glucose, blood pressure

using RAS inhibitors and lipid control on the progression

of nephropathy in microalbuminuric patients with type 2

diabetes. Therefore, multifactorial intensive therapy is

recommended for suppressing the onset and progression of

early diabetic nephropathy; however, it should be noted

that this recommendation is based on a small RCT. In

addition, the effect of multifactorial intensive therapy on

the suppression of nephropathy is not clear at the advanced

stage of overt nephropathy.
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CQ11 Is multifactorial intensive therapy recommended

for suppressing the onset of CVD in diabetic

nephropathy?

We recommend multifactorial intensive therapy,
including blood glucose, blood pressure and lipid
control for suppressing the onset of CVD in patients
with diabetic nephropathy. (Grade B)

Diabetes increases the risk of developing both micro-

vascular complications and CVD. Many patients who

have diabetic nephropathy are complicated with hyper-

tension and dyslipidemia and, therefore, are at an even

greater risk of the involvement of CVD. The Steno-2

Study showed the effect of multifactorial intensive ther-

apy, including blood glucose, blood pressure using RAS

inhibitors and lipid control on the progression of

nephropathy in type 2 diabetic patients with microalbu-

minuria. Therefore, multifactorial intensive therapy is

recommended for suppressing the involvement of CVD in

early diabetic nephropathy; however, it should be noted

that this recommendation is based on a small RCT. In

addition, the effect of multifactorial intensive therapy on

the suppression of CVD is not clear at the advanced stage

of overt nephropathy.
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Chapter 10: IgA nephropathy (IgAN)

Clinical outcomes

1. Clinical course and long-term outcomes

In patients with IgAN, progression to end-stage kid-
ney disease (ESKD) is approximately 15 to 20 per-
cent at 10 years and 40 percent at 20 years after
diagnosis.
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When IgAN was described by Berger and Hinglais in

1968, its prognosis was thought to be favorable. However,

after 10- and 20-year outcomes were reported in many

countries, including Japan, and ESKD was shown to occur

in about 15 and 40 % of cases, the prognosis could no

longer be considered favorable. Among the results from

Japan, Asaba et al. reported ESKD in 31 % of patients after

7 years without treatment. Table 5 shows recent reports of

renal survival at 10 years in various countries, as summa-

rized by D’Amico.

2. Clinical predictors of progression

Clinical predictors of progression of IgAN include
elevated serum creatinine at the time of diagnosis,
persistent urinary protein excretion above 1 g/day,
hypertension, severe glomerular sclerosis, and tubu-
lointerstitial injuries.

In 2004, D’Amico reviewed the results of 23 major studies

from 1984 to 2002 and indicated that severe proteinuria and

hypertension at onset and during the course of observation,

and elevated serum creatinine levels at onset, represent

strong clinical predictors. His review also indicated that no

history of macroscopic hematuria, male sex, and advanced

age at onset are weak clinical predictors of poor prognosis.

With respect to proteinuria and hypertension, four recent

studies have reported that mean urine protein level and

mean blood pressure during the observation period are

stronger risk factors than levels at the time of initial

examination or renal biopsy.

3. Assessment of risk of progression

A scoring system to predict renal outcome has been
established using a nationwide survey in Japan. The
estimated risk of ESKD should be assessed using this
scoring system. Even IgAN patients with benign
presentation such as minimal proteinuria (less than
0.5 g/day), normal kidney function, and normal blood
pressure, may show a slowly progressive course and
develop renal failure by the time of a long-term fol-
low-up.

In recent years, models to predict prognosis from the

time of initial examination or renal biopsy have been

developed with combinations of multiple risk factors for

kidney failure, and are used to make 10 and 20 year

prognostic predictions for IgAN. In 2005, Goto et al., using

a Japanese IgAN patient database, conducted a survey of

outcomes for 10 years. They then scored risk factors

identified in multivariate analysis and predicted the inci-

dence of ESKD from the total score (Tables 6, 7). In 2011

Bjørneklett et al. examined Goto et al.’s prognostic pre-

diction model and confirmed its utility in 633 Norwegian

patients with IgAN.

Table 5 Renal survival of IgAN patients in the world

Reporter Report year Patient number Average

observational

period(month)

10-year renal

survival (%)

Europe

D’Amico G (Italy) 1986 365 79 85

Beukhof et al. (The Netherlands) 1986 75 92 84*

Noel et al. (France) 1987 280 [60 85*

Velo et al. (Spain) 1987 153 [60 81*

Bogenschutz et al. (German) 1990 239 59 81$

Rekola et al. (Sweden) 1990 209 76 83#

Alamartine et al. (France) 1991 282 96 94*

Johnston et al. (UK) 1992 220 65 83#

Payton et al. (UK) 1988 67 – 77*

Manno et al. (Italy)4 2007 437 107 82#

Australia

Nicolls et al. 1984 244 60 87#

Ibels et al. 1994 121 107 93*

Asia

Woo et al. (Singapore) 1986 151 65 91#

Kusumoto et al. (Japan) 1987 87 114 80*

Clin Exp Nephrol (2014) 18:346–423 375

123



Bibliography

1. McEnery PT, et al. Perspect Hephrol Hypertens.

1973l;1:305–20. (Level 4)

2. Chauveau D, et al. Contrib Nephlol. 1993;104:1–5. (Level 4)

3. Koyama A, et al. Am J Kidney Dis. 1997;29:526–32. (Level 4)

4. Manno C, et al. Am J Kidney Dis. 2007;49:763–75. (Level 4)

5. Le W, et al. Nephrol Dial Transplant. 2012;27:1479–85.

(Level 4)

6. Asaba K, et al. Intern Med. 2009;48:883–90. (Level 4)

7. Kobayashi Y, et al. Nephrology. 1997;3:35–40. (Level 4)

8. Bartosik LP, et al. Am J Kidney Dis. 2001;38:728–35.

(Level 4)

9. Reich HN, et al. J Am Soc Nephrol. 2007;18:3177–83. (Level 4)

10. Hwang HS, et al. Nephrology (Carlton) 2010;15:236–41. (Level 4)

11. Magistroni R, et al. J Nephrol. 2006;19:32–40. (Level 4)

12. Alamartine E, et al. Clin J Am Soc Nephrol. 2011;6:2384–8.

(Level 4)

13. Working Group of the International IgA Nephropathy Network

and the Renal Pathology Society. Kidney Int. 2009;76:534–45.

(Level 4)

14. Kang SH, et al. Nephrol Dial Transplant. 2012;27:252–8.

(Level 4)

15. Katafuchi R, et al. Clin J Am Soc Nephrol. 2011;6:2806–13.

(Level 4)

16. Goto M, et al. Nephrol Dial Transplant. 2009;24:3068–74.

(Level 4)

17. Bjørneklett R, et al. Nephrol Dial Transplant. 2012;27:1485–91.

(Level 4)

Table 5 continued

Reporter Report year Patient number Average

observational

period(month)

10-year renal

survival (%)

Katafuchi et al. (Japan) 1994 225 48 74#

Yagame et al. (Japan) 1996 206 110 87#

Koyama et al. (Japan) 1997 448 142 85*

Le et al. (Hong Kong) 2002 168 88 82#

Lv J et al. (China)21 2008 204 73 77#

Le W et al. (China)5 2011 1,155 Median 5.4 years (4.1–7.2) 83#

North America

Wyatt et al. (USA) 1984 58 [60 78*

Radford et al. (USA) 1997 148 45 67#

Haas (USA) 1997 109 [18 57#

Bartosik et al. (Canada) 2001 298 70 65*

Modified Table 1 in Bibliography No. 22 with other reports

* From the time of diagnosis
$ Not specified
# From the time of biopsy

Table 6 Scores of individual

prognostic factors to estimate

the 10-year risk of ESKD

Cited from Bibliography No. 16

Male sex 6

Age \30 years 12

Systolic blood pressure (mmHg)

\130 0

131–160 4

[160 11

Urine protein

–,± 0

? 12

2? 21

3? 25

Mild haematuria

(RBC1 *29/HPF) 8

Serum albumin

\4.0 g/dL 7

eGFR

[90 0

60–90 7

30–60 22

15–30 42

\15 66

Histological grade III or IV 5

Table 7 Estimated 10-year risk of ESRD by total score

Total score Estimated 10-year risk of ESKD (%)

0–26 0–1

27–43 1–5

44–50 5–10

51–58 10–20

59–63 20–30

64–70 30–50

71–75 50–70

76–82 70–90

83–140 90–100
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Treatment of IgAN

Major potential treatment modalities for adult IgAN
in Japan are RAS inhibitors, corticosteroids, non-
steroidal immunosuppressive agents, antiplatelet
agents, n-3 fatty acids (fish oil) and tonsillectomy
(with corticosteroid pulse therapy) (Figs. 2, 3). To
suppress IgAN progression, these treatments should
be considered based on renal function, urinary pro-
tein, age, renal histopathological findings, and so on.
Interventions to optimize blood pressure, salt intake,
lipid and glucose metabolism, body weight, smoking
habits, and so on should be considered, if necessary.
(Fig. 4)

We evaluated the effectiveness of interventions in

slowing the progression of renal dysfunction and decreas-

ing urine protein based mainly on results of reported ran-

domized parallel-group trials (Figs. 2, 3) and made

suggestions about treatment options (Fig. 4).

1. Adult IgAN with urine protein C1.00 g/day and (CKD)

stage G1–2 First-line therapy: RASinhibitors and/or

steroid therapy. Second-line therapy: Immunosuppressive

agents, antiplatelet agents, tonsillectomy (?steroid pulse

therapy), fish oil, etc.

2. Adult IgAN with urine protein C1.00 g/day and CKD

stage G3 First-line therapy: RAS inhibitors. Second-line

therapy: Steroid therapy, immunosuppressive agents,

antiplatelet agents, tonsillectomy (? steroid pulse ther-

apy), fish oil, etc.

3. Adult IgAN with urine protein 0.50–0.99 g/day and

CKD stage G1–3. Intervention should be considered

because urine protein of 0.50–0.99 g/day has been

reported to be a possible risk factor related to poor

renal prognosis and urine protein should not be

allowed to increase to C1.00 g/day, which is clearly

a risk factor for unfavorable renal prognosis.

4. Adult IgAN with urine protein \0.50 g/day and CKD

stage G1–2. Renal function outcome in IgAN with

urine protein of \0.50 g/day and CKD stage G1–3 is

predicted to be favorable.

5. Adult IgAN with urine protein \1.00 g/day and CKD

stage G3 or G4–5. Treatment interventions in accor-

dance with the evidence-based CKD guideline 2013

are appropriate (Fig. 4).

CQ1 Are antiplatelet agents and anticoagulants

recommended for decreasing urinary protein

and preserving renal function in patients with IgAN?

We suggest that perhaps dipyridamole may be used
because of its potential effect of lowering proteinuria
and preventing renal impairment. (Grade C1)
Similarly, we suggest that perhaps dilazep hydro-
chloride may be used because of its potential effect of
lowering proteinuria. (Grade C1)

In the 1980s, a multi-center, randomized, double-blin-

ded controlled trial with dipyridamole and dilazep hydro-

chloride for chronic glomerulonephritis, including IgAN,

was conducted in Japan. This study showed that anti-

platelet agents were effective in reducing urine protein

levels. However, since the report was not published in an

English-language journal, it did not draw international

attention.

Systematic reviews evaluating the effect of dipyridam-

ole and dilazep hydrochloride in slowing the progression of

renal dysfunction and decreasing urine protein in IgAN

have not been able to produce solid conclusions, since

there are too few randomized parallel-group trials. Small-

scale randomized parallel-group trials have suggested the

possibility that these drugs have an effect in decreasing

urine protein, but these studies were not of high quality.
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CQ2 Are RAS inhibitors recommended for decreasing

urinary protein and preserving renal function in patients

with IgAN?

We recommend treatment with RAS inhibitors for
patients with proteinuria 1 g/day and eGFR

30 ml/min/1.73 m2 (CKD G1 to G3b) because of
their effect of preservation of renal function. (Grade
A)
We suggest treatment with RAS inhibitors if protei-
nuria is between 0.5 to 1.0 g/day because of their
antiproteinuric effect. (Grade C1)

≥
≥

A number of randomized parallel-group trials have

shown that RAS inhibitors for IgAN with urine protein
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Fig. 2 The summary of randomized controlled trials of corticoste-

roids and immunosuppressive agents in adult patients with IgAN.

AZA azathioprine, CPA cyclophosphamide, CyA ciclosporin, ITT

intention to treat, MMF mycophenolate mofetil, mPSL methylpred-

nisolone, MZR mizoribine, PP pet protocol, PSL prednisolone, PSN

prednisone. Mean ± SD, median value (25 %, 75 %), mean or

median value (minimum - maximum). No statement, *p \ 0.05,
§pre-intervention medication rate. #Follow-up schedule period, �

median value, aonly when the intervention period is limited, b only

when the number of required cases is calculated
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Fig. 2 continued
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Fig. 3 Summary of randomized controlled trials of RAS inhibitors,

antiplatelet agents, and fish oils in adult patients with IgAN. EPA

eicosapentaenoic acid, DHA docosahexaenoic acid, ITT intention to

treat, NS not significant, PP pet protocol, SI selectivity index.

Mean ± SD, median value (25 %, 75 %), mean or median value

(minimum - maximum). No statement, *p \ 0.05, §pre-intervention

medication rate. #Follow-up schedule period, �median value, aonly

when the intervention period is limited. bThe domestically approved

maximum dose of antihypertensive agents (mg)/US JNC7 recom-

mendation dose: amlodipine (10/10), enalapril (10/40), olmesartan

(40/40), captopril (150/100), candesartan (12/32), temocapril (4/–),

trandolapril (2/4), valsartan (160/320), benazepril (10/40), verapamil

(360/360), tamipril (–/10), losartan (100/100), conly when the number

of required cases is calculated
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Fig. 3 continued
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C1 g/day and CKD stage G1–3 are effective in slowing the

progression of renal dysfunction and decreasing urine

protein levels. RAS inhibitors are thus determined to have

a recommendation grade of A for IgAN with urine protein

C1 g/day and CKD stage G1–3. By contrast, among ran-

domized parallel-group trials investigating the efficacy of

RAS inhibitors mainly for IgAN with urine protein of

0.5–1.0 g/day, the only report to show that increased doses

of RAS inhibitors enhanced the urine protein-decreasing

effect was that of Horita (2004). Therefore, RAS inhibitors

for IgAN with urine protein of 0.5–1.0 g/day are deter-

mined to have a recommendation grade of C1.
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CQ3 Are corticosteroids recommended for decreasing

urinary protein and preserving renal function in patients

with IgAN?

We recommend that patients with proteinuria 1 g/
day and eGFR 60 ml/min/1.73 m2 (CKD G1 to
G2) receive a 6-month course of high-dose oral cor-
ticosteroids therapy (6-month regime of oral pre-
dnisone starting with 0.8 to 1 mg/kg/day for
2 months and then reduced gradually for the next
4 months). (Grade B)
We recommend that patients with proteinuria 1 g/
day and eGFR 60 ml/min/1.73 m2 (CKD G1 to
G2) receive high-dose pulse corticosteroids therapy
(i.v. bolus injections of 1 g methylprednisolone for
3 days each at months 1, 3, and 5, followed by
0.5 mg/kg oral prednisone on alternate days for
6 months). (Grade B)
We tentatively suggest using corticosteroids for
patients with proteinuria less than 1 g/day and eGFR

60 ml/min/1.73 m2 (CKD G1 to G2) because of
their antiproteinuric effect. (Grade C1)

≥
≥

≥
≥

≥

Short-term, high-dose, oral steroid therapy and steroid

pulse therapy for IgAN with urine protein of C1 g/day and

CKD stage G1–2 have been shown to be effective in

slowing the progression of renal dysfunction and decreas-

ing urine protein in a small number of randomized parallel-

group trials. The recommendation grade for both of these

therapies is thus determined to be B. However, steroid

therapy for IgAN with urine protein 0.5–1.0 g/day does not

have a confirmed effect in slowing the progression of renal

dysfunction, and its effect in decreasing urine protein has

been confirmed in only some small-scale trials. The rec-

ommendation grade is therefore determined to be C1.
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CQ4 Is tonsillectomy recommended for decreasing

urinary protein and preserving renal function in patients

with IgAN?

We tentatively suggest that tonsillectomy combined
with high-dose pulse corticosteroids therapy may be
indicated for patients with IgAN because of its
potential effect of preservation of renal function.
(Grade C1)

In Japan, tonsillectomy plus steroid pulse therapy is

widely used. However, no clear consensus has yet been

reached on its effect in slowing the progression of renal

dysfunction and the indications for this treatment.

Combination therapy with tonsillectomy and steroid

pulse therapy for IgAN, in comparison with steroid pulse

therapy alone, has been reported from a small number of

randomized parallel-group trials and cohort studies to

enhance the effect in decreasing urine protein, and thera-

peutic options should be investigated. At present, however,

there do not seem to be any therapies that should be more

382 Clin Exp Nephrol (2014) 18:346–423

123



strongly recommended than steroid therapy or RAS

inhibitors.
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CQ5 Are immunosuppressive agents recommended

for reducing urinary protein and preserving renal

function in patients with IgAN?

We tentatively suggest that immunosuppressive
agents (cyclophosphamide, azathioprine, cyclospor-
ine, MMF, and mizoribine) may be expected to
improve renal outcome. (Grade C1)

It is possible that renal prognosis in IgAN can be

improved with addition of immunosuppressants in combi-

nation with steroids, which plays a central role in the

treatment of IgAN.

A very small number of randomized parallel-group trials

have investigated the renoprotective effects of cyclophos-

phamide, azathioprine, cyclosporine, mycophenolate mo-

fetil, and mizoribine for IgAN, nearly all of which were

small-scale trials with low power. Reaching any solid

conclusions is currently difficult, but results suggesting

effects in decreasing urine protein and slowing the pro-

gression of renal dysfunction have been reported, so the

recommendation grade for all of these drugs is C1. How-

ever, azathioprine in combination with steroid therapy may

increase the incidence of adverse effects, and its use should

therefore be considered carefully.
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Chapter 11: Nephrotic syndrome

CQ1 Is cancer screening recommended for patients

with membranous nephropathy?

The incidence of cancer in Asian and Japanese
patients with membranous nephropathy is lower than
that of other races.
We recommend that the need for cancer screening be
determined on an individual basis after considering
the condition of each patient with membranous
nephropathy.

Cancer is one of the leading causes of secondary

membranous nephropathy. In western countries, about

7–10 % of patients with membranous nephropathy have

been complicated with cancer. In Japan, however, the renal

biopsy registry shows that less than 1.0 % of membranous

nephropathy patients have been complicated with cancer,

especially with only two cases with solid tumors.

From these data, the complication rate for cancer in

Japanese patients with membranous nephropathy is lower

than that of western countries. It remains unclear whether

the cancer is more complex in patients with membranous

nephropathy than in the general population in Japan.
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Fig. 4 An outline of treatment of IgAN in adults: focused on

prevention of renal dysfunction (based on randomized controlled

trials for IgAN). Choice of treatment should be carefully considered

based on renal function, the amount of proteinuria, pathological

findings, age, and other clinical findings. Others: tonsillectomy

(combined with high-dose pulse corticosteroid therapy), immunosup-

pressive agents, antiplatelet agents, and n-3 fatty acids (fish oil)
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Further study is needed to reveal the relationship between

membranous nephropathy and cancer.
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CQ2 Is cyclophosphamide with corticosteroid

recommended for the treatment of idiopathic

membranous nephropathy?

We recommend cyclophosphamide combined with
corticosteroid for the treatment of steroid-resistant
membranous nephropathy. (Grade B)

Meta-analysis of 18 RCTs including 1,025 cases pub-

lished in 2004, confirmed that alkylating agents were more

effective for the initial treatment of nephrotic membranous

nephropathy than placebo or corticosteroid alone. Jha et al.

showed that cyclophosphamide combined with corticoste-

roid significantly induced remission and suppressed the

progression of renal dysfunction in membranous

nephropathy.

In addition, a prospective study of 103 patients with

nephrotic membranous nephropathy showed significant

efficacy of treatment using cyclophosphamide combined

with corticosteroid compared with a historical control.

In Japan, corticosteroid alone is recommended for the

initial treatment of idiopathic membranous nephropathy in

the Guidelines for the Treatment of Nephrotic Syndrome

published in 2011 based on the data from a large cohort

study of Japanese population. From the above data,

cyclophosphamide combined with corticosteroid should be

considered for the treatment of patients with steroid-resis-

tant membranous nephropathy.
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CQ3 Is warfarin recommended for preventing

thrombosis in patients with idiopathic membranous

nephropathy?

We recommend warfarin for preventing thrombosis
in patients with nephrotic membranous nephropathy.
(Grade C1)

In nephrotic syndrome, a thromboembolic event is likely

to occur because of an increased level of prothrombotic

factors and decreased activity of the fibrinolytic system. In

a large retrospective cohort study conducted in the US and

Netherlands, a high incidence of thromboembolic events

was reported in patients with nephrotic syndrome. Pro-

teinuria and hypoalbuminemia were predictive factors for

the development of venous thrombosis. Membranous

nephropathy was the leading cause of renal vein

thrombosis.

Markov model analysis using a hypothetical incidence

of thromboembolic and hemorrhagic events suggested that

preventive anticoagulation using warfarin decreased the

incidence of thromboembolic events and prolonged life

expectancy in patients with membranous nephropathy.

In nephrotic membranous nephropathy, the administra-

tion of warfarin therapy should be determined individually

considering the patient’s past history of thromboembolic

events and degree of hypoalbuminemia.
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CQ4 Are statins recommended for improving

dyslipidemia in patients with idiopathic membranous

nephropathy?

We recommend that statins be prescribed for dysli-
pidemia in patients with idiopathic membranous
nephropathy. (Grade B)

Dyslipidemia in nephrotic syndrome is an important risk

factor for the development of CVD, as well as for the

progression of renal dysfunction. Several studies have

reported on the efficacy and safety of statins for dyslipi-

demia in idiopathic membranous nephropathy. Association
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between statin use and a lower risk of venous thrombo-

embolism or improvement of endothelial function has been

reported. Because more than 50 % of idiopathic membra-

nous nephropathy cases in Japan develop at 65 years of age

or older, their CVD risk is high. Therefore, the adminis-

tration of statin is expected to prevent the development of

CVD. The target values of LDL-cholesterol and non-HDL-

cholesterol should be less than 120 and 150 mg/dl,

respectively.
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CQ5 Are RAS inhibitors recommended for patients

with idiopathic membranous nephropathy

and hypertension?

We recommend RAS inhibitors to reduce proteinuria
in patients with idiopathic membranous nephropathy
and hypertension. (Grade B)

Hypertension often occurs as a complication of membra-

nous nephropathy and is a risk factor for the progression of

CKD. To treat such hypertension, restriction of sodium intake

and administration of anti-hypertensive agents have been

recommended. The anti-proteinuric effect of RAS inhibitors

on diabetic and non-diabetic nephropathies is well known.

Polanco et al. reported that treatment with RAS inhibitors was

associated with a significantly increased probability of spon-

taneous remission of membranous nephropathy. RAS inhibi-

tors are preferred as the first-line antihypertensive therapy and

are expected to reduce urine protein and slow the progression

of membranous nephropathy.
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CQ6 Is treatment with high-dose corticosteroid alone

recommended for inducing remission in FSGS?

We recommend treatment with high-dose corticos-
teroid alone to patients with FSGS for initial induc-
tion of remission. (Grade B)
We recommend ciclosporin in combination with low-
dose corticosteroid to patients with steroid–resistant
FSGS. (Grade B)

An important prognostic indicator of FSGS is the initial

response to therapy. Aggressive immunosuppressive ther-

apy aimed at inducing remission is recommended because

sustained nephrotic range proteinuria is a risk factor for

progression to ESKD, and, conversely, responders to initial

therapy have better long-term outcomes. There are no RCTs

comparing corticosteroid or other agents to placebo as the

first-line therapy for idiopathic FSGS. Observational studies

have shown that high-dose corticosteroid could efficiently

induce remission. Therefore, as the first-line therapy, ste-

roid therapy aimed at inducing remission is recommended

for patients with FSGS. In steroid-resistant patients, several

studies have reported that treatment with ciclosporin in

combination with low-dose corticosteroid is effective for

inducing remission and preserving renal function.
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CQ7 Is LDL apheresis recommended for reducing

urinary protein levels in patients with FSGS?

In patients with steroid-resistant FSGS with a high
LDL cholesterol level, we suggest the use of LDL
apheresis therapy for reducing urinary protein.
(Grade C1)

LDL apheresis is expected not only to improve dyslipide-

mia, but also to reduce proteinuria and preserve renal function

via immunomodulation in refractory nephrotic syndrome.

Several nonrandomized studies using variable schedules

of LDL apheresis in patients with steroid-resistant FSGS

have demonstrated some benefits in terms of reducing

proteinuria and improving the serum albumin concentra-

tion. The health insurance system in Japan supports the use

of LDL apheresis 12 times within 3 months for refractory

nephrotic syndrome with a high LDL cholesterol level.
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Chapter 12: Autosomal-dominant polycystic kidney

disease (ADPKD)

CQ1 Is anti-hypertensive treatment recommended

as a means of slowing the deterioration of renal

function in hypertensive patients with ADPKD?

We recommend antihypertensive treatment for
hypertensive patients with ADPKD, because it may
slow the deterioration of renal function. (Grade C1)

Hypertension in ADPKD is frequent and develops from

youth in contrast to essential hypertension. In addition, it is

often recognized when the renal function is normal and the

cysts are still small. Anti-hypertensive treatment is gener-

ally performed. Although the evidence related to recom-

mended anti-hypertensive agents and the target blood

pressure is inconclusive, antihypertensive treatment is

thought to slow the deterioration of renal function in

hypertensive patients with ADPKD.
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CQ2 Does screening of intracranial aneurysms improve

the prognosis in patients with ADPKD?

The prevalence of unruptured intracranial aneurysms
in ADPKD is higher than in the general population.
Intracranial hemorrhage, either cerebral hemorrhage
or aneurysmal subarachnoid hemorrhage, can cause
high mortality and morbidity in PKD patients.
Screening of intracranial aneurysms improves the
prognosis.

The high incidence of intracranial aneurysms in patients

with ADPKD has long been recognized. Rupture of an

intracranial aneurysm resulting in subarachnoid hemorrhage

(SAH) is the most devastating of extrarenal complications,

and often results in premature death or disability. The overall

prevalence was estimated to be 3.2 % (95 % CI 1.9–5.2) in a

population without comorbidity, with a mean age of

50 years, and a 50 % component of men. Compared with

populations without comorbidity, the prevalence ratio was

6.9 (95 % CI 3.5–14) for ADPKD. First-degree relatives

(parents, siblings, and children) of patients with subarach-

noid hemorrhage have a three to seven times higher risk of

SAH than the general population.

Size of the aneurysm size correlates with the presence

of symptoms and the risk of bleeding, and aneurysms may

rupture more often and at a younger age as compared

with sporadic aneurysms. Large aneurysms seem to occur

more often in patients with ADPKD than in those with-

out. Intracranial hemorrhage, either cerebral hemorrhage

or aneurysmal SAH, can cause high mortality and
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morbidity in PKD patients. Screening of intracranial

aneurysms improves the prognosis.

If the result of screening by MR angiography is nega-

tive, rescreening of patients with a good life expectancy at

5-year intervals seems reasonable.
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CQ3 Are newer quinolones recommended

for the treatment of cyst infection in ADPKD?

We suggest administration of the newer quinolones
for the treatment of cyst infection in ADPKD. (Grade
C1)

Cyst infection is a frequent and serious complication of

ADPKD and is often refractory and difficult to treat. Most

causative bacteria originate from the intestine and many are

gram-negative rods. Fluoroquinolones, which have broad

effectiveness against gram-negative rods and good pene-

tration into cysts, is recommended for the treatment of

infected cysts in ADPKD. Having said this, however, there

has not been an adequate level of study to investigate the

actual effectiveness of fluoroquinolones for treating cyst

infection in ADPKD. There have been few studies com-

paring fluoroquinolones with other antibiotics for the

treatment of cyst infection in ADPKD.
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CQ4 Do renal volume and the speed of its enlargement

reflect the prognosis of renal function?

Renal volume and the speed of its enlargement reflect
the prognosis of renal function.

In patients with ADPKD, renal cysts grow exponen-

tially. It has been reported that the median change in eGFR

per year was almost 2–5 mL/min/1.73 m2. Since the

remaining renal parenchyma has the capacity to compen-

sate for the loss of GFR, the GFR may be sustained until

the disease progresses. Although GFR is the usual bio-

marker of renal disease progression, it does not decrease

substantially until extensive and irreversible damage to

noncystic parenchyma occurs. Therefore, it is necessary to

identify some reliable biomarkers to follow the progression

of this disease. Recent data from the American study

indicate that kidney growth is a critical predictor of pro-

gression to renal failure in Caucasian patients with AD-

PKD, playing a more important role than hypertension,

proteinuria, age, or sex. It was reported that total kidney

volume (TKV) increased at a mean rate in the range from

4.0 to 9.4 %, almost 20–50 cm3 per year in several studies.

Consequently, TKV growth is considered the best surro-

gate marker predicting the decline of renal function in

ADPKD. Therefore, since there is no general agreement on

the frequency of imaging evaluation, it is reasonable to

follow up every 2–5 years in patients with a TKV of

1,000 ml or less and every 1–2 years in patients with a

larger TKV.
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Chapter 13: Rapidly progressive glomerulonephritic

syndrome

RPGN and CKD

RPGN(rapidly progressive glomerulonephritis)is defined by

the World Health Organization (WHO) as ‘‘a syndrome of

diseases presenting with insidiously developing hematuria

and proteinuria and rapidly progressive renal failure,’’ and in

Japan as ‘‘a syndrome of diseases in which renal failure

subacutely develops for several weeks to months associated

with urine abnormalities indicative of glomerulonephritis’’

(Table 8). RPGN includes a wide variety of rapidly pro-

gressive renal diseases (ANCA-positive RPGN, lupus

nephritis, anti-GBM antibody glomerulonephritis, etc.) and

the definition does not require reference to the renal pathol-

ogy, which often shows necrotizing and crescentic glomer-

ulonephritis. The prognosis is poor as the initial therapy is

delayed, thus it is important to make a diagnosis as early as

possible according to the ‘‘diagnostic criteria for the early

detection of RPGN’’ (Tables 8, 9).

Regarding the relationship between RPGN and CKD, of

note is that differentiating RPGN from CKD (chronic

glomerulonephritic syndrome) is not possible with only one

visit. Therefore, the possibility of RPGN should be con-

sidered even if the patient’s serum creatinine level remains

slightly above or even within the reference values, because

serum creatinine does not necessarily reflect renal function

within that low range of values. Thus, it is important to re-

examine the renal function within several weeks.

Some of the patients with RPGN will be followed as

CKD after their initial therapy. Such patients may be

managed according to the clinical practice guidelines for

CKD in addition to maintenance immunosuppressive

therapy. RPGN may develop de novo, or as an exacerba-

tion of chronic glomerulonephritis during the course of

CKD. Small kidney size generally suggests the presence of

CKD, but the fact that RPGN can develop from CKD

cannot be ignored.

CQ-1 Are corticosteroids recommended as initial

therapy for RPGN?

We recommend oral or intravenous corticosteroids at
higher than moderate doses for the initial therapy of
patients with ANCA-positive RPGN. (Grade A)
In patients with severe ANCA-positive RPGN, we
recommend adding intravenous pulse corticosteroid
therapy to oral corticosteroids to achieve rapid, strong
anti-inflammatory and immunosuppressive effects.
(Grade B)
In patients with anti-GBM antibody disease present-
ing with RPGN, we recommend high doses of corti-
costeroids including intravenous pulse therapy,
combined with immunosuppressive agents and plas-
mapheresis to improve kidney and patient survival.
(Grade B)

Corticosteroids are widely used as initial therapy for

various causes of RPGN. This chapter presents recom-

mendations for the treatment of two typical diseases,

ANCA-positive RPGN and anti-GBM antibody disease.

Initial therapy including corticosteroids for patients with

ANCA-positive RPGN is considered for the following

cases:

Cases in which a good response to aggressive treatment

can be expected, considering the acute-onset time course

with a predominance of active inflammation findings

based on renal biopsy if available.

Cases showing acute inflammation and systemic vascu-

litic symptoms that cannot be explained by infection

Cases not complicated by infection or those whose

infection is appropriately controlled by antimicrobial

agents or other preventive measures.

Table 8 Diagnostic criteria for rapidly progressive

glomerulonephritis

(1) Progressively declining renal function during the course of

several weeks to months (Information on renal function should

be obtained from the present illness, previous checkup and other

laboratory data)

(2) Nephritic urine including hematuria (mostly occult hematuria,

rarely gross hematuria), proteinuria and casts

(3) Differentiation from chronic kidney disease using an imaging

examination, such as renal ultrasonography and CT scanning

based on whether or not renal/cortex atrophy and hydronephrosis

are present, if previous data or the results of urinalysis are not

immediately available

Table 9 Diagnostic criteria for early detection of rapidly progressive

glomerulonephritis

(1) Urine abnormalities (esp. hematuria, proteinuria, casts)

(2) eGFR \60 mL/min/1.73 m2

(3) Elevated CRP and ESR

* If the above criteria are fulfilled, referral to a nephrology clinic is

recommended after confirming the absence of renal cortex atrophy by

ultrasonography, if available. If infection or exacerbation of chronic

nephritis is suspected, serum creatinine should be reexamined and the

eGFR value calculated after 1 or 2 weeks

There is an increasing number of cases of RPGN that initially only

show asymptomatic urine findings. With the occurrence of a recently

appearing urine abnormality, RPGN should be considered even if the

renal function appears to be almost normal

eGFR should be calculated by the equation used for the Japanese
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Cases in whom the benefits will outweigh the risks of

using corticosteroids, considering the patient’s age and

the presence or absence of osteopenia, etc.

In patients with anti-GBM antibody glomerulonephritis

presenting with RPGN, corticosteroids, in combination with

immunosuppressive agents and/or plasmapheresis, are rec-

ommended if the patient is complicated by pulmonary hem-

orrhage, or a response to the therapy is expected if the patient

is not dialysis-dependent, and does not show a severe lesion in

the majority of the glomeruli in the renal biopsy if available.
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CQ2 Are immunosuppressants recommended

for patients with RPGN?

We recommend immunosuppressants for use as the
initial treatment and maintenance therapy of patients
with ANCA-positive RPGN. (Grade A)
In patients with Anti-GBM antibody-positive RPGN
in whom the effects of corticosteroid are inadequate
or whose dose of corticosteroid cannot be reduced,
we recommend immunosuppressants for use as the
initial treatment and maintenance therapy. (Grade B)

ANCA-associated vasculitis (AAV) is a frequent and

clinically important disease in RPGN. Prospective studies

in patients with AAV have been performed in European

countries and the US. On the other hand, anti-GBM anti-

body-positive RPGN is rare disease and kidney survival is

poor. Retrospective studies in patients with anti-GBM

antibody-positive RPGN have been performed in European

countries, the US and China.

1. Initial treatment of ANCA-positive RPGN

Treatmentwith corticosteroidsand cyclophosphamide has

improved the outcome of patients with ANCA-positive

RPGN. We recommend daily oral cyclophosphamide

(25–100 mg per day) or intravenous pulses of

cyclophosphamide (250–750 mg/m2 per month) with

corticosteroids at the initial treatment, considering the

clinical grade, patient’s age and requirement for dialysis.

2. Initial treatment of anti-GBM antibody-positive RPGN

The clinical guidelines in Japan recommend immunosup-

pressive therapy (corticosteroids and cyclophosphamide)

plus plasmapheresis. We recommend cyclophosphamide

(1–2 mg/kg per day) for patients with refractory GN.

However, it is necessary to reduce the dose of cyclophos-

phamide for patients with advanced renal dysfunction.

3. Maintenance therapy of ANCA-positive RPGN

Cyclophosphamide along with azathioprine, mizori-

bine, mycophenolate mofetil and methotrexate have

been reported as immunosuppressants in patients with

AAV. Treatment with azathioprine or mizoribine in

patients with ANCA-positive RPGN is recommended

as maintenance therapy to prevent a relapse.
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CQ3 Is the addition of plasmapheresis to treatment

recommended in patients with RPGN?

We recommend the addition of plasmapheresis to
treatment for patients with ANCA-positive RPGN
presenting either with advanced kidney failure or
with diffuse alveolar hemorrhage. (Grade C1)
We recommend the addition of plasmapheresis to
treatment for patients with anti-GBM antibody-posi-
tive RPGN. (Grade B)

Treatment with immunosuppressive therapy plus plas-

mapheresis has improved the outcome of patients with

RPGN. Prospective studies in patients with ANCA-asso-

ciated vasculitis (AAV) and retrospective studies in

patients with anti-GBM antibody-positive RPGN have

been performed in European countries and the US.

1. ANCA-positive RPGN

ANCA is thought to be involved in the clinical conditions

of AAV and RPGN. The removal of ANCA may,

therefore, result in controlling disease activity and

preventing organ damage. Addition of plasmapheresis to

the initial therapy with corticosteroids and
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cyclophosphamide is indicated for patients presenting

with either advanced kidney failure (sCr[5.8 mg/dl) or

with diffuse alveolar hemorrhage.

2. Anti-GBM antibody-positive RPGN

We recommend plasmapheresis to improve the out-

come of patients with anti-GBM antibody-positive

RPGN. On the other hand, in patients with advanced

kidney failure or dialysis, there is only rare evidence

that plasmapheresis improves the outcome.

3. Immune complex RPGN

We recommend plasmapheresis for patients with

immune complex RPGN, while considering the

patient’s age, organ damage and pathological findings.
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CQ4 Are corticosteroids recommended

for maintenance therapy in patients with RPGN?

We recommend the use of corticosteroids for main-
tenance therapy in patients with RPGN. (Grade B)

After remission due to the initial treatment, maintenance

therapy is needed to prevent a relapse. Low doses of oral

corticosteroid with immunosuppressant are used as main-

tenance therapy mainly in European countries and the US.

1. ANCA-positive RPGN

We recommend a corticosteroid dose of less than

10 mg/day orally as maintenance therapy and suggest

continuing administration for 12–18 months in patients

who remain in complete remission. A study reported

that a reduction rate above 0.8 mg/month was associ-

ated with a higher relapse rate. Shortening the

treatment period should be considered in aged or

dialysis-dependent patients.

2. Anti-GBM antibody-positive RPGN

There is rare evidence in patients with anti-GBM

antibody-positive RPGN. We suggest continuing cortico-

steroid for more than 6–9 months as maintenance therapy.
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Chapter 14: Dyslipidemia in CKD

CQ1 What lipid-lowering medications are safe

and recommended for CKD?

We recommend statin alone or the statin-ezetimibe
combination as safe lipid-lowering medications for
CKD. (Grade A)
To avoid adverse effects, we recommend avoiding
the use of fibrates, which are excreted mainly through
the kidneys in subjects with CKD G4 or more
advanced stages. (Grade D)

Fibrates are often chosen for the treatment of hypertri-

glyceridemia in the general population. However, the use of

major fibrates, such as bezafibrate and fenofibrate, are con-

traindicated in patients with severe renal impairment.

According to the package inserts, bezafibrate and fenofibrate

should not be given to subjects with an increased serum

creatinine level of 2.0 mg/dL or higher, and in those with a

serum creatinine level of 2.5 mg/dL or higher, respectively.

To avoid adverse effects, we do not recommend the use of

fibrates, which are excreted mainly through the kidney in

subjects with CKD G4 or more advanced stages.

Regarding the use of statin in CKD patients, although rhab-

domyolysis and other adverse effects may be of concern, pre-

vious individual studies and meta-analyses showed that statins,

as compared with placebo, were safe to use in patients with CKD

including dialysis patients. A combination of statin and eze-

timibe was also found to be safe as shown in the SHARP trial.

Care should be taken when a statin is co-administered

with other drugs. Statin in combination with a fibrate is

contraindicated in subjects with renal impairment. Cyclo-

sporin increases the serum concentration of a statin by

inhibiting OATP1B1. Statins metabolized by CYP3A4 can

be accumulated when administered with grapefruit juice,

itraconazol and other drugs inhibiting CYP3A4.

Colestimide, probucol and eicosapentaenoic acid ethyl

icosapentate may be used at the same dosage as with non-

CKD patients. The dose of niceritrol should be reduced

according to the patient’s kidney function. There is no

evidence, however, that these lipid-lowering drugs reduce

the CVD risk in patients with CKD.

Bibliography

1. Nakamura H, et al. Atherosclerosis. 2009;206:512–7. (Level 4)

2. Strippoli GF, et al. BMJ. 2008;336:645–51. (Level 1)

3. Baigent C, et al. Lancet. 2011;377:2181–92. (Level 2)

390 Clin Exp Nephrol (2014) 18:346–423

123



CQ2 Is lipid-lowering treatment recommended

to prevent CVD events in CKD?

We recommend lipid-lowering treatment for CKD
patients to prevent CVD. (Grade B)
We recommend that the target LDL-C level
be 120 mg/dl and the target non-HDL-C level
be 150 mg/dl in primary prevention of coronary
artery disease, and that the target LDL-C level
be 100 mg/dl and the target non-HDL-C level
be 130 mg/dl in secondary prevention, in CKD.
(Grade C1)

CKD patients constitute a high-risk population for CVD.

Dyslipidemia is one of the established risk factors for

atherosclerotic CVD. CKD patients show various pheno-

types of dyslipidemia, such as type IIa, IIb, and IV in

nephrotic syndrome, and type III and IV in renal failure.

There is only a limited amount of information about

whether dyslipidemia contributes to an increased CVD risk

in CKD. In the ARIC study in the US, higher levels of

serum total cholesterol and triglycerides were predictive of

a higher risk of ischemic heart disease regardless of the

baseline eGFR. In a large cohort of Japanese hemodialysis

patients, both higher non-HDL-cholesterol and lower

HDL-cholesterol were independent predictors of incident

myocardial infarction. These results support the notion that

dyslipidemia is a risk factor of atherosclerotic CVD in

CKD as well as in non-CKD populations.

Randomized controlled trials (RCTs) in CKD have

shown mixed results. Statins failed to decrease the risk of

primary cardiovascular endpoints in hemodialysis patients

(4D and AURORA). The SHARP trial showed a significant

17 % reduction in CVD risk by the administration of 20 mg

simvastatin in combination with 10 mg ezetimibe in sub-

jects with CKD categories G3 to G5D. In the subgroup

analysis of SHARP, predialysis patients at baseline showed

a significant 20 % reduction of CVD risk, whereas those on

dialysis at baseline showed an insignificant risk reduction

by 10 %. Analyses of SHARP and 4D, stratified by baseline

lipid levels, indicated that patients with higher baseline total

or LDL-cholesterol levels benefited more than those with

lower levels. In addition, sub-analyses of CKD stage G3

derived from previous RCTs using statins revealed a larger

reduction of relative risk than the original total cohort. We

interpreted these data to indicate that lipid-lowering treat-

ment is effective in reducing atherosclerotic CVD in CKD,

but that the benefit of such treatment varies at different

stages of CKD and at different baseline lipid levels.

We recommend that the target LDL-C and non-HDL-C

levels be \120 and \150 mg/dL, respectively for primary

prevention, and \100 and \130 mg/dL, respectively for

secondary prevention. These target levels are in accordance

with the recommendations for CKD in the Japan Athero-

sclerosis Society Guidelines for the Diagnosis and Pre-

vention of Atherosclerotic Cardiovascular Disease in

Japan—2012 Version.
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CQ3 Is statin therapy recommended for CKD patients

to suppress the progression of CKD?

We recommend Statin therapy to reduce proteinuria
in CKD. (Grade B)
We recommend Statin therapy to suppress kidney
function loss in CKD. (Grade C1)

Treatment of dyslipidemia has been established for both

primary and secondary prevention of atherosclerotic car-

diovascular events. There are studies showing the effects of

lipid-lowering treatment on proteinuria and kidney func-

tion in CKD.

Observational studies in the general population and type

1 diabetic patients showed that dyslipidemia was a pre-

dictor for the development of albuminuria, proteinuria, and

CKD. One study showed the effect of statin on proteinuria

in users of renin-angiotensin-system inhibitors. Other

studies suggested dose-dependency of statin effects on

proteinuria and eGFR. The effect of lipid-lowering with a

statin on proteinuria in CKD patients was the subject of

three meta-analyses, and all supported the anti-proteinuric

effect of statin. In addition to statins, there have been

studies reporting the anti-proteinuric effects of fibrates, and

ezetimibe in combination with a statin. LDL-apheresis is

known to suppress proteinuria and is indicated for refrac-

tory nephrotic syndrome in Japan.
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Regarding the effect of lipid-lowering treatment with a

statin on kidney function, three meta-analyses have been

performed with inconsistent results; one yielded positive

and two yielded neutral results on eGFR. These meta-

analyses were different in the number and background of

the study subjects. Original individual studies have

reported mixed results. These variable results may be due

to differences in the study design, sample size, co-mor-

bidities and CKD stages of the subjects, and medications

tested. In the SHARP trial, treatment with ezetimibe-statin

combination was not effective in preserving kidney

function.

Although the precise mechanisms by which statins exert

reno-protection are unknown, such actions may be medi-

ated by their reduction and improvement of the serum lipid

profile and their pleiotropic actions such as anti-inflam-

mation, protection of renal tubular damage, suppression of

AGE production, and their anti-oxidative properties.

Bibliography

1. Whaley-Connell A, et al. J Clin Hypertens (Greenwich).

2010;12:51–8. (Level 4)

2. O’Seaghdha CM, et al. Am J Kidney Dis. 2010;56:852–60.

(Level 4)

3. Raile K, et al. Diabetes Care. 2007. 30:2523–8. (Level 4)

4. Sandhu S, et al. J Am Soc Nephrol. 2006;17:2006–16. (Level 1)

5. Navaneethan SD, et al. Cochrane Database Syst Rev.

2009;15:CD007784. (Level 1)

6. Strippoli GF, et al. BMJ. 2008;336:645–51. (Level 1)

7. Bianchi S, et al. Am J Kidney Dis. 2003;41:565–70. (Level 2)

8. Bianchi S, et al. Am J Kidney Dis. 2010;55:671–81. (Level 2)

9. Shepherd J, et al. Clin J Am Soc Nephrol. 2007;2:1131–9.

(Level 4)

10. Keech A, et al. Lancet. 2005;366:1849–61. (Level 2)

11. Landray M, et al. Am J Kidney Dis. 2006;47:385–95. (Level 2)

12. Baigent C, et al. Lancet. 2011;377:2181–92. (Level 2)

13. Kimura K, et al. J Atheroscler Thromb. 2010;17:601–9. (Level

4)

14. Colhoun HM, et al. Am J Kidney Dis. 2009;54:810–9. (Level 4)

15. Fassett RG, et al. Atherosclerosis. 2010;213:218–24. (Level 4)

16. Tonelli M, et al. Circulation. 2005;112:171–8. (Level 4)

17. Vidt DG, et al. Clin Ther. 2011;33:717–25. (Level 4)

18. Ruggenenti P, et al. Clin J Am Soc Nephrol. 2010;5:1928–38.

(Level 2)

19. Rahman M, et al. Am J Kidney Dis. 2008;52:412–24. (Level 4)

20. Huskey J, et al. Atherosclerosis. 2009;205:202–6. (Level 4)

21. Lemos PA, et al. Am J Cardiol. 2005;95:445–51. (Level 4)

22. Renke M, et al. Acta Biochim Pol. 2010;57:547–2. (Level 2)

23. Nakamura T, et al. Oxid Med Cell Longev. 2010;3:304–7.

(Level 4)

24. Inoue T, et al. Intern Med. 2011;50:1273–8. (Level 4)

Chapter 15: Obesity and Metabolic Syndrome in CKD

CQ1 Is the metabolic syndrome a risk factor

for the development of CKD?

The metabolic syndrome is a risk factor for the
development of albuminuria and renal failure, except
in premenopausal women and in CKD stage G4 and
G5 subjects.
Improvement of the metabolic syndrome was
accompanied by a reduction of albuminuria and
stable GFR in subjects with type 2 diabetes mellitus.

The metabolic syndrome (MetS) is a cluster of risk

factors for cardiovascular diseases, and could affect

kidneys through various pathways. This section sum-

marizes the epidemiological data showing MetS as a

risk factor for the development of CKD. The associa-

tion of MetS with CDK varies with gender, race, and

age, which should be considered in the interpretation of

the studies.

A recent meta-analysis has shown a significant associ-

ation between MetS and the development of eGFR\60 ml/

min per 1.73 m2. Each of the five components of MetS

showed a positive association with this risk, and the

strength of association increased as the number of com-

ponents increased. MetS was also associated with the

development of albuminuria. In the MAGIC study, it was

concluded that concomitant occurrence of MetS and albu-

minuria increased the risk of kidney function loss more

than five-fold compared to subjects with neither of these

factors. Histologically, kidneys from MetS subjects showed

a greater prevalence of tubular atrophy, interstitial fibrosis,

arterial sclerosis, and global and segmental glomerulo-

sclerosis than non-MetS subjects. MetS was also associated

with renal dysfunction after kidney transplantation. In

MetS subjects, non-alcoholic fatty liver disease (NAFLD),

and especially liver fibrosis in non-alcoholic steatohepatitis

(NASH) were associated with a decrease in kidney func-

tion. Change in body weight is better than body weight

itself as a predictor of renal outcome. A retrospective

cohort study showed that improvement of MetS was

accompanied by reduced albuminuria and stable GFR in

type 2 diabetes mellitus. An increased fat mass promoting

inflammation is thought to be the major cause of obesity-

related nephropathy.
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Exceptions were that MetS was not a predictor of renal

failure in CKD stage G4 and G5 subjects. Moreover, MetS

was not associated with CKD in premenopausal women.

These facts indicate the significant roles of age, sex, and

CKD stages in the prediction of renal outcomes in MetS.
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CQ2 Is intervention for the metabolic syndrome

recommended to prevent the development of CKD?

Because of its anti-albuminuric and potentially reno-
protective actions, we recommend a reduction in
body weight and visceral fat mass by restricting
energy intake in subjects with CKD and MetS, with
the exception of premenopausal women and CKD
stage G4 and G5. (Grade C1)

The kidney damage in MetS originates from multiple

sources, including inflammation, high blood pressure,

dyslipidemia, and impaired glucose tolerance. Accumula-

tion of visceral fat in MetS plays a central role in these

abnormalities. Therefore, weight loss, exercise, and a diet

low in energy and fat have been used as first line inter-

ventions for MetS. Weight reduction achieved by lifestyle

intervention reduces blood pressure and albuminuria, but

there are no consistent results for renal function. This may

be partly explained by the short intervention periods. Since

obesity and MetS promote glomerular hyperfiltration,

weight reduction would normalize the filtration load and

reduce albuminuria. This GFR reduction (normalization) in

the short-term does not necessarily indicate deterioration of

renal function in the long-term.

Lifestyle intervention was shown to reduce body weight

by 8 % per year on average. Bariatric surgery (Roux-en-Y

gastric bypass surgery, gastric banding, and jejuno-ileal

bypass surgery) was found to be more effective in reducing

weight and albuminuria. For example, Roux-en-Y gastric

bypass surgery reduced body weight by 30 % in a year.

Larger weight reduction was accompanied by a greater

reduction in hsCRP. However, the effect of bariatric sur-

gery on renal function is inconsistent, due to the reasons

discussed above. Of note, according to the statements in

2010 by the Japanese Society for the Surgery of Obesity

and Metabolic Disorders (JSSO), surgical intervention is

indicated only for morbidly obese subjects with a BMI of

over 35 without comorbidity or for those with a BMI of

over 32 with comorbidity. In addition, hyperoxaluria after

such surgery can cause renal damage and should be pre-

vented by sufficient hydration. Taking these recommen-

dations into consideration, we have concluded that a

reduction in body weight and visceral fat mass by

restricting energy intake is recommended in subjects with

CKD and MetS, at Grade C1.

Several concerns were raised among the working group

members. First, it is not clear whether caloric restriction is as

safe in subjects with MetS and advanced CKD as in those

with MetS without CKD. Second, it is necessary to establish

more efficient programs for weight reduction, because of the

limited effects of the present lifestyle interventions. Third,

the risk of CVD and vitamin deficiency causing conditions

such as Wernicke’s encephalopathy, should be evaluated

carefully during lifestyle interventions.

We have no specific recommendations for subjects with

CKD and MetS on target levels and the choice of first line

intervention for the other components of MetS at present. As

for the specific evidence in MetS subjects, (1) the ARB/

amlodipine combination resulted in anti-diabetic effects

compared with the ARB/hydrochlorothiazide combination;

(2) the changes in eGFR were better in a strict LDL target

group (\100 mg/dL) than in a moderate LDL target group

(\130 mg/dL); and (3) ezetimibe may have beneficial effects

on obesity, hypertension, insulin resistance, and albuminuria.
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CQ3 Is treatment for the metabolic syndrome

in patients with CKD recommended to improve their

life expectancy?

Because of its anti-albuminuric and potentially reno-
protective actions, we recommend a reduction in
body weight and visceral fat mass by restricting
energy intake in subjects with CKD and MetS, with
the exception of premenopausal women and CKD
stage G4 and G5. (Grade C1)

There is no definitive evidence from randomized

controlled trials demonstrating the effect of intervention

for MetS on outcomes in patients with CKD. However,

there are three reasons to recommend treatment for MetS

in CKD stage G1–G3b through a reduction in body

weight, especially in visceral fat mass. First, in CKD

stage G1–G3b, several observational studies have shown

that MetS, including visceral fat accumulation, is sig-

nificantly associated with a high risk of CVD morbidity

and all-cause mortality. Second, a meta-analysis of

observational and interventional studies in CKD (mainly

stages G1–G3b) with MetS reported that a reduction in

body weight by lifestyle or surgical interventions

resulted in decreased systolic BP and albuminuria

without causing a significant reduction in GFR. And

third, a clinical study in the general population with

obesity showed that a significant amount of weight loss

by surgical intervention decreased the risk of CVD

morbidity and all-cause mortality.

In CKD stages G4–G5, the efficacy of treatment for

Mets on mortality remains unknown, because clinical

trials evaluating the treatment of MetS have been very

limited in these patients. It should be noted that obesity as

defined by a higher BMI is not always associated with

poorer outcomes in advanced stages of CKD. Reverse

epidemiology regarding BMI was repeatedly shown by

observational studies in advanced CKD including dialysis

patients.
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Chapter 16: Diagnosis of CKD in childhood

General remarks

Children under the age of 18 years are the focus of this

chapter. In the management of CKD in children, we should

always keep in mind when to apply the adult CKD

guidelines instead of the pediatric CKD guidelines con-

sidering the patient’s age and physique.

The etiology and epidemiology of CKD in children

The prevalence of CKD in children is much lower
than that in adults. Nonetheless, this important con-
dition is accompanied by many problems that require
special attention, including issues that affect growth,
development, and school life.
As the relationship between the severity of CKD in
children and the degree of proteinuria has not been
fully evaluated, a description of the stages of CKD in
children should be developed using available
knowledge.
The main causes of stage 2 or higher CKD in children
are congenital abnormalities of the kidney and urin-
ary tract (CAKUT) or other inherited conditions.

The frequency of CKD is much higher in adults than in

children; however, this progressive and intractable condi-

tion has devastating effects on a patient’s growth, devel-

opment, and quality of life. Therefore, special attention is

needed for proper management in children.
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In contrast to adult CKD, there is no reliable evidence

available to accurately predict outcomes in children with

CKD based on the level of protein or albumin excretion.

Therefore, the category ‘‘G’’ or ‘‘A’’ that is used in the

classification of adult CKD may not be applicable to CKD

in children (Table 10).

Globally, the prevalence of CKD at stage 2 or lower in

children is reported to be approximately 18.5–58.3 cases

per million children. Data from a study conducted in Japan

indicated that the prevalence of CKD at pre-dialysis stages

3–5 in patients aged 3 months to 15 years was 29.8 cases

per million children, and 91.1 % of these patients had non-

glomerular disease, and among them, 68.3 % had CAKUT.

The yearly incidence and prevalence of end-stage renal

disease (ESRD) in patients aged less than 20 years was

reported to be 4 cases per million and 22 cases per million,

respectively. CAKUT and hereditary nephropathies

(49.8 %) were the most common causes of ESRD, and

glomerulonephritis accounted for 22 % of cases. These

findings are similar to those from the North American

Pediatric Renal Trials and Collaborative Studies registry

and the ItalKid Project from Europe, in which the pro-

portion of patients with CAKUT (48–59 %) was the larg-

est, while the proportion of glomerulonephritis patients

(7–14 %) was not so high.

Overall, the main causes of CKD in children at stage 2

or higher are CAKUT or other inherited conditions. The

proportion of ESRD caused by glomerulonephritis was

lower in North America and Europe than in a Japanese

study conducted in 2008 (22 %). This may be due to the

age distribution of the patients, with fewer young patients

being treated for ESRD at that time.
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Kidney function in children

1. Normal range and variability of the glomerular filtra-

tion rate (GFR)

Inulin is the gold standard used for measuring GFR to

evaluate kidney function. However, there are no data of

inulin-based GFRs according to age and gender in Japanese

children. Therefore, the normal range of GFR according to

age and gender were adapted using data from foreign

countries (Table 11).

2. Estimated GFR (eGFR)

Schwartz formula:
Equation 1)
eGFR (mL/min/1.73 m2) = k × body length (cm)/
serum Cr
For the value of the constant k, see Table 12 ; serum
creatinine (Cr) was obtained by the Jaffe method.
Equation 2)
Serum Cr (Jaffe method) = Serum Cr (enzymatic
method) + 0.2
New Schwartz formula:
Equation 3)
eGFR (mL/min/1.73 m2) = k × body length (cm)/
serum Cr
According to the CKiD study, k = 0.413; serum Cr
was obtained by the enzymatic method.
eGFR for Japanese children (2–11 years):
Equation 4)
eGFR (mL/min/1.73 m2) = k × body length (cm)/
serum Cr
According to the Japanese Society of Pediatric
Nephrology, k = 0.35; serum Cr was obtained by the
enzymatic method.

In clinical practice, GFR is usually estimated from creati-

nine clearance or the serum creatinine concentration. How-

ever, the conventional method of measuring renal inulin

clearance in children is not feasible in clinical practice because

constant intravenous infusion is required. In addition, bladder

Table 11 Normal GFR in children and adolescents

Age (gender) Mean GFR ± SD (mL/min/1.73 m2)

1 week (male and female) 40.6 ± 14.8

2–8 weeks (male and female) 65.8 ± 24.8

[8 weeks (male and female) 95.7 ± 21.7

2–12 years (male and female) 133.0 ± 27.0

13–21 years (male) 140.0 ± 30.0

13–21 years (female) 126.0 ± 22.0

Table 10 Classification of CKD

Stage Description GFR (ml/

min/

1.73 m2)

Classification by

Treatment Status

1 Kidney damage with

normal or increased

GFR

C90 1-5T if kidney

transplant

recipient

5D if underlying

dialysis

2 Kidney damage with

mild reduction of GFR

60–89

3 Moderate reduction of

GFR

30–59

4 Severe reduction of GFR 15–29

5 Kidney failure \15
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catheterization is sometimes required to ensure adequate urine

collection from children, particularly in infants and young

children. Moreover, an accurate interpretation of GFR values

for individual patients, especially for children and adolescents,

requires a clear understanding that the normal level of GFR

varies according to age, gender, and body size.

GFR can be estimated from serum creatinine (Cr) in

pediatric patients using prediction equations that take into

account the patient’s height, age, and gender. Among the

various prediction formulas that have been developed, the

Schwartz formulas are the most widely used (Eq. 1). How-

ever, the original Schwartz equation is based on serum Cr

determined by the Jaffe method. This equation may overes-

timate the GFR if serum Cr is determined by the enzymatic

method. Therefore, serum Cr should be converted before

adopting the Schwartz equation. To convert serum Cr mea-

sured by the enzymatic method to that measured by the Jaffe

method, Eq. 2 can be used. Equation 3 is the new Schwartz

equation and is an updated equation used to calculate GFR

utilizing the enzymatic method. However, the revised for-

mula still overestimates GFR when applied to Japanese

children. This may be due to differences in body mass and

body height between Japanese and Western children.

Recently, the Committee of Measures for CKD in children of

the Japanese Society of Pediatric Nephrology established a

new formula by measuring inulin clearance in Japanese

children aged 2–11 years (Eq. 4, Table 12).

3. Reference serum creatinine

Although serum Cr is the most commonly used marker

for kidney function, serum Cr is affected by factors other

than GFR, principally Cr production, which is related to

body size and muscle mass. This leads to considerable

variability between children of different ages and a rela-

tively wide range of serum Cr levels in normal individuals.

Therefore, the Committee of Measures for CKD in Chil-

dren of the Japanese Society of Pediatric Nephrology

established a normal reference value of serum Cr for

healthy Japanese children in 2011 (Table 13).

For children aged 2–11 years, the reference serum Cr

level can be estimated using a simple equation (Eq. 5). For

all children under 18 years of age, the individual serum Cr

reference value can be estimated using a polynomial for-

mula (Eq. 6). By combining equations 5 and 6, kidney

function (%) in children aged 2–11 years can be estimated

by using Eq. 7.
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Table 13 Serum Cr distribution in healthy Japanese children

(enzymatic method)

Age 2.50 % 50.00 % 97.50 %

3–5 (months) 0.14 0.2 0.26

6–8 0.14 0.22 0.31

9–11 0.14 0.22 0.34

1 (year) 0.16 0.23 0.32

2 0.17 0.24 0.37

3 0.21 0.27 0.37

4 0.2 0.3 0.4

5 0.25 0.34 0.45

6 0.25 0.34 0.48

7 0.28 0.37 0.49

8 0.29 0.4 0.53

9 0.34 0.41 0.51

10 0.3 0.41 0.57

11 0.35 0.45 0.58

Age (years) Male Female

2.50 % 50.00 % 97.50 % 2.50 % 50.00 % 97.50 %

12 0.4 0.53 0.61 0.4 0.52 0.66

13 0.42 0.59 0.8 0.41 0.53 0.69

14 0.54 0.65 0.96 0.46 0.58 0.71

15 0.48 0.68 0.93 0.47 0.56 0.72

16 0.62 0.73 0.96 0.51 0.59 0.74

Table 12 Constant k for the Schwartz formula

Age Constant k (gender)

1 week Premature infants 0.33 (male and female)

Term infants 0.45 (male and female)

2 weeks–1 year 0.45 (male and female)

2–12 years 0.55 (male and female)

13–21 years 0.70 (male)

0.55 (female)

For normal children aged 2–11 years:
Equation 5) Median serum Cr = 0.3 × height (m).
For normal children aged less than 18 years:
Equation 6a) for boys, y = –1.259x5 + 7.815x4 –
18.57x3 + 21.39x2 – 11.71x + 2.628 and
Equation 6b) for girls, y = –4.536x5 + 27.16x4 –
63.47x3 + 72.43x2 – 40.06x + 8.778,
where y is the reference serum creatinine level
(mg/dL) and x is height (m).
Equation 7) eGFR (%) = (reference serum Cr/
patient’s serum Cr) × 100
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7. Nagai T, et al. Clin Exp Nephrol. 2013 (Epub ahead of print).

(Level 4)

8. Uemura O, et al. Clin Exp Nephrol. 2011;15:694–9. (Level 4)

CQ1 Are the definition and staging of CKD in children

the same as in adults?

The diagnosis of CKD in children is based on the
same definition as that used for CKD in adults;
however, proteinuria is excluded from CKD classifi-
cation in children.

1. Definition of CKD in children

The same definition for adult CKD is used to diagnose

children.

2. Classification of CKD in children

In adults, the degree of proteinuria is also included in the

staging of CKD based on data that showed correlation

between the level of proteinuria and the prognosis. How-

ever, the degree of proteinuria in children is not as clearly

correlated with the prognosis. Proteinuria is observed only

in rare cases of CAKUT, the most common cause of stage 5

CKD in children. Moreover, there are no significant data

that suggest a relationship between kidney function and the

degree of proteinuria in children. Hence, proteinuria is not

currently used to classify CKD in children and the nota-

tions ‘‘G (= GFR)’’ and ‘‘A (= Albuminuria),’’ which are

used in adult CKD staging, are not applied to CKD staging

in children (Table 10).

Children under 2 years of age typically have a low GFR

even after correcting for body surface area. Therefore, the

aforementioned classification cannot be used for very

young patients. Alternatively, a calculated GFR value

based on serum creatinine can be compared with the nor-

mal age-appropriate values to detect kidney impairment.

Bibliography

1. Heilbron DC, et al. Pediatr Nephrol. 1991;5:5–11. (Level 4)

2. Coulthard MG. Early Hum Dev. 1985;11:281–92. (Level 4)

3. Schwartz GJ, et al. J Pediatr. 1984;104:849–54. (Level 4)

4. Rhodin MM, et al. Pediatr Nephrol. 2009;24:67–76. (Level 4)

5. Uemura O, et al. Clin Exp Nephrol. 2011;15:694–9. (Level 4)

6. Wong CS, et al. Clin J Am Soc Nephrol. 2009;4:812–9. (Level 4)

CQ2 Would a urinary screening program among school

children be useful for improving the prognosis of CKD

in children?

A urinary screening program among school children
may contribute to the early detection of CKD and can
improve the prognosis, especially for patients with
chronic glomerulonephritis.

Since 1974, a urinary screening program has been

performed for all school children annually, which has

contributed to the early detection of CKD in children in

Japan.

The prevalence of hematuria, proteinuria, and both

abnormalities are approximately 0.75, 0.16, and 0.04 %,

respectively, in elementary school children and approxi-

mately 0.98, 0.53, and 0.1 %, respectively, in junior high

school students in Japan. Most children with chronic glo-

merulonephritis are identified by the urinary screening

program at stage 1 CKD.

The outcomes of patients with membranoproliferative

glomerulonephritis in Japan were superior to the findings of

other studies due to earlier detection and treatment. Among

children diagnosed with type I membranoproliferative

glomerulonephritis by the screening program, no child

developed ESRD. Furthermore, among the children who

have been undergoing the annual school-screening pro-

gram, the age at which ESRD developed has been

increasing. Thus, urinary screening would not only help in

early detection, but consequently also with preventing the

deterioration of renal function later in life. However, con-

troversy about the usefulness of screening still exists,

particularly regarding the cost-effectiveness of screening

asymptomatic subjects.
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CQ3 Is hematuria useful for detecting CKD

in children?

Hematuria is an important symptom of CKD in
children. Gross hematuria is a particularly important
symptom that often suggests the presence of disease
with a poor prognosis.

Asymptomatic isolated microscopic hematuria is the

most common presentation of microscopic hematuria, and

most pediatric Japanese patients are discovered using the

urinary screening program. This disease is usually transient

and does not require treatment. Asymptomatic isolated

microscopic hematuria is present in 0.75–0.98 % of school-

aged children in Japan. The most common causes of per-

sistent microscopic hematuria include glomerulopathies,

hypercalciuria, and the nutcracker syndrome. Glomerul-

opathies include IgA nephropathy, hereditary nephritis

(Alport syndrome), and thin basement membrane

nephropathy. Lupus nephritis is often associated with

severe glomerular damage even with asymptomatic

microscopic hematuria. CAKUT, the most common cause

of ESRD in children, is also associated with microscopic

hematuria. Thus, microscopic hematuria should always be

considered as a potential underlying symptom of these

critical kidney diseases.

The relative incidence of the known causes of gross

hematuria in children varies depending upon the clinical

setting. In a pediatric emergency room, a urinary tract

infection, either documented or suspected, was diagnosed

in half of the patients with gross hematuria. Other causes

included urethral irritation (11 %), trauma (7 %), and

acute nephritis (4 %). In a pediatric urology referral

service, the causes of gross hematuria and their fre-

quencies included urethral irritation or trauma (15 %),

urinary tract infection (14 %), underlying congenital

anomalies (13 %), nephrolithiasis (5 %), and malignancy

(1 %). There were no cases of glomerular disease. By

contrast, at a pediatric nephrology referral service, a

glomerular cause was identified in about 30 % of

patients. Of note, a non-glomerular etiology was estab-

lished in 37 % of patients. The most common diagnosis

was hypercalciuria. Of note, CAKUT, the most common

cause of ESRD in children, was diagnosed in 3.5 % of

those patients. Malignancies (Wilms’ tumors or transi-

tional cell carcinoma of the bladder) are also important

causes of gross hematuria, but are much less common in

children than in adults. To investigate the causes of

hematuria, urine sediment examination and imaging

studies are necessary.
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CQ4 Is renal biopsy useful for the diagnosis

and treatment of CKD in children?

Renal biopsy is useful for making a diagnosis,
assessing disease severity, and deciding on the
treatment of CKD in children.
Renal biopsy is recommended for cases with persis-
tent   proteinuria   (urinary  protein-to-creatinine ratio:

0.5 g/gCr, 3 months; aged 2 years or older)  and
persistent   hematuria   +   proteinuria   (hematuria  + 
urinary  protein-to-creatinine  ratio  :
 months; aged 2 years or older).

0.2  g/gCr, 3

Renal biopsy is recommended for the following cases:

1. Persistent proteinuria (urinary protein-to-creatinine

ratio: C0.5 g/gCr, C3 months; aged 2 years or older)

2. Persistent hematuria ? proteinuria (hematuria ? uri-

nary protein-to-creatinine ratio: C0.2 g/gCr,

C3 months; aged 2 years or older)

3. Nephrotic syndrome: unlike adults, renal biopsy is not

indicated for most children with nephrotic syndrome.

The following cases are exceptional in childhood

nephrotic syndrome, and renal biopsy is recommended:

cases in which underlying diseases other than minimal

change nephrotic syndrome are suspected, cases which are

suspected to be congenital nephrotic syndrome, or cases of

steroid-resistant nephrotic syndrome.

4. Rapidly progressive glomerulonephritis syndrome

5. Systemic lupus erythematosus (SLE)

6. Henoch–Schönlein purpura nephritis with nephrotic

syndrome, acute nephritic syndrome, rapidly progres-

sive glomerulonephritis syndrome, or cases with

persistent proteinuria.

The usefulness of renal biopsies has been supported in

some cohort studies to evaluate the Oxford IgA nephrop-

athy classification, the International Society of
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Nephrology/Renal Pathology Society (ISN/RPS) 2003

Classification of Lupus Nephritis, and other some clinico-

pathological studies.
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CQ5 Are imaging studies useful for the diagnosis

and treatment of CKD in children?

Imaging studies (abdominal ultrasound, MRI, and
etc.) are important for the diagnosis of CKD in
children. Imaging studies are particularly important
for making a diagnosis and deciding on the treatment
for CAKUT.

Imaging studies are performed for patients fitting one of

the following criteria: presenting with (1) abdominal pain

and masses, (2) urinary tract infection, or (3) CKD

including abnormal urinary findings.

Imaging studies are useful for detecting the following dis-

eases: (1) obstructive nephropathy, (2) reflux nephropathy, (3)

dysplastic/hypoplastic kidney, (4) solitary kidney, horseshoe

kidney, (5) floating kidney, and (6) cystic kidney disease.

For the examination of vesicoureteral reflux, an initial

screening via ultrasound is important for patients with

hydronephrosis or urinary tract infection. Avoiding cys-

tourethrogram is recommended for patients with abnor-

malities on a renal ultrasound or who develop a UTI during

observation.
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CQ6 Is a differential renal function test useful

for the diagnosis and treatment of CKD in children?

A differential renal function test is useful for the
diagnosis and treatment of CKD in children.
Dynamic radionuclide scans to assess the renal
excretory function with 99mTc-mercapto-
triglycylglycine (MAG3) is useful for the diagnosis
of and decision to perform surgical intervention for
CAKUT, particularly in cases with obstructive
uropathy.

There are not enough studies that have evaluated the

differential renal function test for CKD in children and

further studies are required to assess its usefulness.
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Q7 Is CKD in children a risk for end-stage kidney

disease?

The deterioration of GFR in children is a risk factor
for end-stage kidney disease (ESKD).
As GFR deterioration is related to urine protein
excretion and hypertension, active intervention for
these conditions is necessary to prevent ESKD even
in children.

We reviewed previous reports about CKD in children

and concluded that CKD in children is a risk factor for

ESKD, as well as for adults. The positive finding of a

significant correlation between GFR deterioration and

urinary protein excretion suggested that even children at

an earlier stage of CKD are at risk for ESKD. More-

over, strict management of blood pressure has been

demonstrated to suppress GFR deterioration in pediatric

CKD.

Note that the rate of decrease in GFR for cases with

CAKUT and VUR is generally slower than in those with

glomerular diseases.
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CQ8 Is CKD in children a risk for cardiovascular

disease?

Deterioration of GFR in children is a risk factor for
cardiovascular disease (CVD). It is crucial for chil-
dren with CKD to control their blood pressure in
order to prevent the occurrence of CVD.

We reviewed previous reports about CKD in chil-

dren and concluded that CKD in children is a risk

factor for CVD. On the other hand, it is notable that

there are few pediatric patients with coronary artery or

cerebrovascular disease, which are frequent in adults

with CKD.

It is crucial to control blood pressure, which is a tradi-

tional CVD risk factor. Some previous reports suggested

that the target value of blood pressure for children with

CKD should be lower than that for healthy children. Non-

traditional CVD risk factors for CKD in children are still

being investigated.
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CQ9 Is CKD in children a risk for growth impairment?

Deterioration of GFR in children is a risk factor for
growth impairment. Children with CKD can be sui-
table candidates for replacement therapy with growth
hormone. It is of great importance for children with
CKD to have good nutrition in order to prevent
growth impairment.

Some previous reports demonstrated that 10–40 % of

CKD in children, including ESKD, were associated with a

short stature. The physical condition associated QOL of

CKD in children with a short stature is significantly lower

than that of healthy children. Moreover, pediatric cases of

CKD with a severely short stature have been shown to have

a higher risk of hospitalization and mortality.

Children with CKD are indicative of resistance to

growth hormone and insulin-like growth factor. Accord-

ingly, children with CKD are suitable candidates for

replacement therapy with growth hormone. Additionally, it

is crucial to provide good nutrition especially in infancy

and early childhood.
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Chapter 17: Management of CKD in childhood

Treatment for IgA nephropathy in children

1. Background

The optimal approach for treating pediatric IgA nephrop-

athy should be determined from the histological findings.

Mild IgA nephropathy is histologically defined as focal

mesangial proliferation. Severe IgA nephropathy is his-

tologically defined as diffuse mesangial proliferation or

more than 50 % of the glomeruli containing crescents.

2. Treatment for mild IgA nephropathy

We recommend ACE inhibitors as the first choice of

agent for treating mild IgA nephropathy, because they

reduce urinary protein excretion and inhibit the progression

of IgA nephropathy. We suggest that ARBs are useful for

treating mild IgA nephropathy, because they may reduce
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urinary protein excretion. Currently available evidence

does not support the conclusion that combination therapy

with an ACE inhibitor and an ARB is essential in the

treatment of mild IgA nephropathy. Therefore, we do not

recommend combination therapy with an ACE inhibitor

and an ARB for treating mild IgA nephropathy. The phy-

sician should decide on the doses of an ACE inhibitor or an

ARB with reference to the doses used as antihypertensive

agents for children (Section 17 CQ5). The physician

should start with low doses of an ACE inhibitor or an ARB

and increase the dose while carefully monitoring the

patient for side effects.

3. Treatment for severe IgA nephropathy

We recommend combined therapy with prednisolone, an

immunosuppressive agent (azathioprine or mizoribine),

warfarin and dipyridamole for 2 years for severe IgA

nephropathy (Table 14). Two RCTs and one clinical trial in

pediatric patients with severe IgA nephropathy have dem-

onstrated that this regimen can reduce urinary protein

excretion and inhibit the progression of glomerular scle-

rosis. Two cohort studies have demonstrated that this reg-

imen can improve the long-term prognosis of children with

severe IgA nephropathy.

4. Tonsillectomy for IgA nephropathy

Reports of tonsillectomy in children have come from

predominantly retrospective studies and have not included

adequate controls. It is difficult to interpret the data,

because most of the patients reported in these studies also

received concomitant medications, such as corticosteroids.

We recommend that a conservative approach be main-

tained for children with recurrent gross hematuria unless

they have additional risk factors, including a history of

frequent episodes of tonsillitis or massive proteinuria.
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Treatment for nephrotic syndrome in children

(including focal segmental glomerulosclerosis—FSGS)

1. Background

Corticosteroid therapy can be initiated without histolog-

ical confirmation from a renal biopsy because most

patients with idiopathic pediatric nephrotic syndrome

(NS) respond well to corticosteroids. However, a renal

biopsy and histological diagnosis are recommended

before starting steroid therapy in the following cases: (1)

patient younger than 1 year old; (2) apparent hematuria;

(3) hypertension or elevated serum creatinine levels; (4)

extra-renal symptoms, such as rash or purpura; and (5)

hypocomplementaemia.

2. Initial treatment for NS

We recommend the standard initial treatment regimen

(2 months) proposed by the International Study of Kidney

Diseases in Children (the ISKDC regime) or longer initial

regimens (3–7 months) for the initial corticosteroid treat-

ment. Although a meta-analysis demonstrated that the risk

of relapse at 12–24 months was reduced by 30 % (risk ratio

of relapse 0.70; 95 % CI 0.58–0.84) with longer initial

regimens compared to the ISKDC regime, the optimum

dose and duration of the initial treatment has not yet been

determined.

3. Treatment for relapsing NS

There have been no RCTs examining corticosteroid

therapy for relapsing NS. We recommend the administra-

tion of corticosteroid therapy according to the ISKDC

method: prednisone at 60 mg/m2 per day until urine protein

tests become negative for three consecutive days, followed

by 60 mg/m2 on alternate days for 2 weeks, then 30 mg/m2

on alternate days for 2 weeks, and, finally, 15 mg/m2 on

alternate days for 2 weeks.

Table 14 Combined therapy for 2 years

(1) Prednisolone

(2) Immunosuppressive agent

Oral administration of 2 mg/kg per dose (max 100 mg) of

azathioprine one time per day or 4 mg per dose (max 150 mg)

of mizoribine one or two times per day

(3) Warfarin

Oral administration of warfarin one time per day. Regulate the

dose of warfarin using the thrombo test with a target range of

20–50 %

(4) Dipyridamole

Start oral administration of 3 mg/kg per dose of dipyridamole

three times per day; if there are no side effects, increase the

dose to 6–7 mg/kg per dose (max 300 mg)
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4. Treatment for frequent relapsing/steroid-dependent NS

(FRNS/SDNS)

We recommend cyclosporine or cyclophosphamide for

FRNS/SDNS treatment. Cyclosporine is effective for

inducing or maintaining remission in patients with FRNS or

SDNS. Cyclosporine may have significant adverse effects

including chronic nephrotoxicity and posterior reversible

leukoencephalopathy syndrome. Receiving cyclosporine

for 24 months or more and at high doses (C2 levels

[600 ng/mL) are risk factors for chronic nephrotoxicity.

Cyclophosphamide can induce longer lasting remissions

than prednisone alone in FRNS patients. The effect of

cyclophosphamide on SDNS may depend upon the duration

of treatment and the degree of steroid dependency and may

affect remission rates. Cyclophosphamide may have sig-

nificant adverse effects, including bone marrow suppres-

sion, gonadal toxicity and malignancy. The development of

gonadal toxicity resulting in infertility generally is caused

by a total cyclophosphamide dose greater than 300 mg/kg.

Further studies, including controlled trials, are needed to

determine the efficacy and safety of mycophenolate mofetil

and rituximab for children with refractory FRNS/SDNS.

5. Treatment for steroid-resistant NS (SRNS)

We recommend cyclosporine and/or steroid pulse ther-

apy for SRNS treatment. Cyclosporine is effective in

inducing remission in patients with SRNS. A small study

suggested that cyclosporine and steroid pulse therapy for

Japanese patients with focal segmental glomerulosclerosis

may be effective in inducing remission.
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CQ1 Is restriction of exercise recommended to slow

the progression of renal dysfunction in children

with CKD?

Restriction of exercise is not recommended for chil-
dren with CKD because it is not evident whether it
can slow the progression of renal dysfunction. (Grade
C2)

It is well known that exercise causes a transient increase

in urinary protein excretion and that bed rest decreases

urinary protein excretion in CKD. However, it is unknown

how these phenomena affect the progression of renal dys-

function in the long term. This CQ aims to determine

whether exercise or restriction of exercise have any effect

on the progression of renal dysfunction in children with

CKD.

It is not evident that exercise has an effect on the pro-

gression of renal dysfunction in children with CKD. Sev-

eral studies have reported that exercise only transiently

altered GFR and urine protein excretion in CKD, and that

long-term restriction of exercise did not significantly affect

creatinine clearance and urinary findings in mild to mod-

erate IgA nephropathy and non-IgA mesangial proliferative

glomerulonephritis in children. Therefore, restriction of

exercise is not recommended for children with chronic
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glomerulonephritis with only mild proteinuria and stable

renal function or children with nephrotic syndrome in

remission. However, it is unknown whether or not long-

term, heavy exercise has an effect on renal function and

whether exercise has an effect on heavy-proteinuric

chronic glomerulonephritis and focal segmental glomeru-

losclerosis. Restriction of exercise is necessary in patients

with prominent edema, refractory hypertension, or con-

gestive heart failure, and in patients receiving anticoagu-

lant therapy. On the other hand, it should also be noted that

excessive restriction of exercise can cause severe adverse

effects, such as substantial psychological stress resulting in

a decreased QOL as well as aggravation of obesity; fur-

thermore, osteoporosis induced by corticosteroid therapy

can result in a vertebral compression fracture. In conclu-

sion, restriction of exercise should be considered with

caution based on a comprehensive evaluation of these

circumstances in individual patients.
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CQ2 Is dietary protein restriction recommended

to slow the progression of renal dysfunction

for children with CKD?

Dietary protein restriction is not recommended for
children with CKD because it is not evident whether
it can slow the progression of renal dysfunction.
(Grade C2)

While several reports have suggested that dietary pro-

tein restriction can protect renal function in adults with

CKD, few articles have been published in the field of

children with CKD. This CQ aims to determine the effi-

cacy of a protein restricted diet in delaying the progres-

sion to end-stage kidney disease and its impact on growth

in children.

Several RCTs have shown that protein restriction is not

effective to slow the progression of renal dysfunction in

children with CKD. Considering the recommendation of

the KDOQI guidelines, it is reasonable to assume that the

target level of dietary protein intake in children with CKD

should follow the Recommendation for Japanese Dietary

Intakes by the Ministry of Health, Labor and Welfare

(Table 15). However, it should be noted that this recom-

mendation means a virtual protein restriction because

spontaneous dietary protein intake in children with CKD is

far in excess of the average requirements, typically

150–200 % of the recommended dietary allowance. In

addition, protein restriction may have a beneficial effect on

renal dysfunction in children if adequate nutritional man-

agement is provided by a dietitian who has expertise in

pediatric and renal nutrition. It should also be noted that

protein restriction is necessary to control hyperphosphate-

mia and severe azotemia in advanced CKD, as it amelio-

rates blood urea nitrogen/creatinine ratios. In regard to

growth, there was no significant difference in height

between the protein-restricted versus control groups in

most relevant RCTs.
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Table 15 Protein intake in

children (g/day) from The

Recommendation for Japanese

Dietary Intakes 2010 (http://

www.mhlw.go.jp/bunya/

kenkou/sessyu-kijun.html)

Age Boys Girls

Recommended amount Adequate amount Recommended amount Adequate amount

0–5 months 10 10

6–8 months 15 15

9–11 months 25 25

1–2 years 20 20

3–5 years 25 25

6–7 years 30 30

8–9 years 40 40

10–11 years 45 45

12–17 years 60 55
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CQ3 Is salt restriction recommended to slow

the progression of renal dysfunction in children

with CKD?

Salt restriction may be recommended for children
with CKD having hypertension because it is effective
at lowering blood pressure, which in turn, may result
in slowing the progression of renal dysfunction.
(Grade C1)
Salt intake should not be restricted in children with
CKD having polyuric, salt-wasting forms of con-
genital anomalies of the kidney and the urinary tract.
(Grade D)

Salt restriction is recommended for adult CKD with and

without hypertension because it reduces urinary protein

excretion and protects the renal function in adult CKD. In

children, the major cause of CKD is congenital anomalies

of the kidney and the urinary tract (CAKUT) with polyuric,

salt-wasting nephropathy. This CQ aims to determine if salt

restriction slows the progression of renal dysfunction in

pediatric CKD and if sodium and water supplementation

has beneficial effects on polyuric, salt-wasting forms of

CAKUT.

There have been no reports of studies investigating

whether or not salt restriction per se slows the progression

of renal dysfunction and reduces urinary protein excretion

in children with CKD with or without hypertension.

However, it has been shown that strict blood-pressure

control confers a substantial benefit with respect to renal

function among children with CKD (CQ5). Several RCTs

have shown that salt restriction is effective in lowering

blood pressure in children in the general population both in

the short and long term. Taken together, salt restriction

may be effective in lowering blood pressure in children

with CKD, which would result in slowing the progression

of renal dysfunction. On the other hand, some cohort

studies have shown that nutritional support with sodium

and water supplementation can maintain or improve the

growth of children with polyuric, salt-wasting CKD.

Therefore, salt intake should not be restricted in children

with polyuric, salt-wasting forms of CAKUT.
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CQ4 Are vaccinations recommended for children

with CKD?

Children with CKD are especially susceptible to
infectious diseases, and some of these diseases may
become severe in these children. Therefore, we
actively recommend that children with CKD receive
vaccinations. (Grade C1)

Infectious diseases are serious factors that influence the

prognosis of children with CKD. If children with CKD

acquire an infectious disease, it has the potential to become

severe, since children at advanced stages of CKD have low

immunity, and some are also receiving immunosuppressive

therapy. Vaccinations are effective preventive measures

against infectious diseases, but it should be noted that

vaccinations administered to children with CKD with low

immunity may result in only low levels of antibody sero-

conversion, only mild antibody titer increase, and low

persistence rates. There is also a possibility that a live

vaccine could cause an infectious disease in the patient

after the vaccination, and therefore, the use of live vaccines

for children with CKD is often withheld.

There are two types of vaccines, inactivated and live,

and each has advantages and disadvantages. Furthermore,

the objective or effect of the vaccination differs depending

on whether the child receiving it has received an adreno-

corticosteroid, an immunosuppressant agent or no treat-

ment at all. While caution is advised, if a disease is

preventable by vaccination, it is even more important to

vaccinate children with CKD than healthy children.

Therefore, we actively recommend vaccinations for chil-

dren with CKD. The seroconversion rate of antibody in

children with CKD is reportedly slightly lower than in

healthy children, but the effects of vaccinations on children

with CKD are considered satisfactory.

Although inactivated vaccines of any kind are recom-

mended, it has been reported that antibody titer levels are not

maintained stably. Therefore, antibody titers should be

checked several years after the vaccination and the patient

should be re-vaccinated if necessary. If a child with nephrotic

syndrome receives a dose of prednisolone (PSL) of[2 mg/kg/

day, vaccination is not recommended since seroconversion is

unlikely. Live vaccines are recommended for children with

CKD in general, but they are not recommended for children

with CKD undergoing adrenocorticosteroid or immunosup-

pressive treatment. As a general rule, these patients should not

be vaccinated until 3 months after terminating their immuno-

suppressive treatment. However, patients who are taking an

immunosuppressant might be vaccinated if they reside in a

region considered to be particularly high risk.
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For CKD in children undergoing adrenocorticosteroid

therapy, vaccinations should be withheld until the dose of

PSL is lower than 1 mg/kg/day or 2 mg/kg/every other day.
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CQ5 Is antihypertensive drug therapy recommended

for children with CKD to inhibit the progression

of kidney dysfunction?

We recommend antihypertensive drug therapy for the
treatment of children with CKD stage 2–4 because it
inhibits the progression of renal insufficiency. (Grade
B)
We suggest that renin-angiotensin system (RAS)
inhibitors, including ACE inhibitors and ARBs be the
first choice of agent for treating hypertension in
children with proteinuric CKD. (Grade C1)
For children with CKD, we suggest a reduction in
blood pressure to below the 90th percentile based
upon the age, gender, and height of the patient as
described by the NHBPEP. (Grade C1)

Hypertension is one of the most common sequelae of

children with CKD and it is prevalent only in the earlier

stages of CKD. Hypertension is the highest risk factor for

the progression of renal insufficiency and CVD.

1. Antihypertensive drug therapy and children with CKD

The ESCAPE Trial of 385 children with CKD (GFR

between 15 and 80 mL/min per 1.73 m2) reported that

strict blood pressure (BP) control slows the progression of

renal insufficiency and that the renoprotective effect of

intensified BP control added to the potential benefit con-

ferred by ACE inhibition. Therefore we recommend anti-

hypertensive drug therapy for the treatment of children

with CKD stage 2–4 because it inhibits the progression of

renal insufficiency.

2. Antihypertensive agents for children with CKD

Clinical studies have suggested that ACE inhibitors and

ARBs are effective in reducing proteinuria and inhibiting

the progression of CKD. Therefore we suggest that RAS

inhibitors, including ACE inhibitors and ARBs, be the first

choice for treating hypertension in children with pro-

teinuric CKD. Calcium channel blockers are useful as add-

on therapy in children with resistant hypertension. The

physician should select the antihypertensive agent accord-

ing to the symptoms, because there is no conclusive evi-

dence as to whether the inhibition of the renin–angiotensin

system is superior to other antihypertensive agents in non-

proteinuric CKD patients. In Japan, the ACE inhibitors,

enalapril maleate and lisinopril, the ARB, valsartan, and

the calcium antagonist, amlodipine besilate, are all

approved as antihypertensive agents for use in children.

3. The definition of hypertension and target BP goals

The definition of hypertension in children is summa-

rized in Table 16. The BP levels for children with CKD

by age and height are shown in Table 17. For children

with CKD, the National High Blood Pressure Education

Program (NHBPEP) has recommended a reduction in BP

to below the 90th percentile based upon the age, gender,

and height of the patient (Table 17). BP in children with

CKD should be more strictly controlled based on the

findings of the ESCAPE Trial and the fact that hyper-

tension is a risk factor for the progression of CKD and

CVD. Correct measurement of BP in children requires the

use of a cuff that is appropriate to the size of the child’s

upper right arm.
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Table 16 The definition of hypertension in children with CKD

Normal BP SBP and DBP that are\90th percentile for gender,

age, and height

Prehypertension Average SBP or DBP levels that are C90th

percentile, but \95th percentile for gender, age,

and height

Average SBP or DBP levels that are C120/

80 mmHg, but \95th percentile for gender, age,

and height

Hypertension Average SBP and/or DBP that is C95th percentile

for gender, age, and height on at least 3 separate

occasions
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CQ6 Does the use of RAS inhibitors for the treatment

of children with CKD inhibit the progression of renal

insufficiency?

We recommend using ACE inhibitors for the treat-
ment of children with CKD with hypertension or
proteinuria because they appear to slow the progres-
sion of renal insufficiency. (Grade B)(not covered by
Japanese health insurance)
We consider it to be acceptable to use ARBs for the
treatment of children with CKD with hypertension or
proteinuria because they have the potential to inhibit
the progression of renal insufficiency. (Grade C1)
(not covered by the Japanese health insurance)
We do not recommend combination therapy with
ACE inhibitors and ARBs for the treatment of chil-
dren with CKD with hypertension or proteinuria
because there is no conclusive evidence that this
combination therapy can inhibit the progression of
renal insufficiency. (Grade C2)

It is not known if RAS inhibitors administered for the

treatment of CKD in children without hypertension or pro-

teinuria can inhibit the progression of renal insufficiency.

1. Use of ACE inhibitors for children with CKD

Retrospective studies have suggested ACE inhibitors

decrease proteinuria and slow the progression of renal

insufficiency. The ESCAPE Trial reported that strict blood

pressure control using ramipril slowed the progression of

renal insufficiency. However, the ACE inhibitors are not

approved as renoprotective agents. The dose of ACE

inhibitors (enalapril and ramipril) approved as antihyper-

tensive agents for children in Japan should serve as the

reference dose.

2. Use of ARBs for children with CKD

Retrospective studies have suggested that ARBs

decrease proteinuria and inhibit the progression of renal

insufficiency. A double-blind multinational study of 306

children with CKD reported that losartan significantly

lowered proteinuria and was well tolerated after 12 weeks

in children with proteinuria with or without hypertension.

ARBs are not approved as renoprotective agents. The dose

of ARBs (valsartan) approved as antihypertensive agents of

children in Japan should serve as the reference dose.

3. Combination therapy with ACE inhibitors and ARBs

for children with CKD

The efficacy of combination therapy with ACE inhibi-

tors and ARBs compared with single agent therapy (ACE

inhibitor or ARB) has not been investigated in any RCTs.

Therefore, we cannot recommend combination therapy for

the treatment of children with CKD with hypertension or

proteinuria. Both ACE inhibitors and ARBs should be used

cautiously if the GFR is less than 60 mL/min per 1.73 m2.

Since the decline in GFR and hyperkalemia induced by

RAS inhibition typically occurs within the first few days

after the onset of therapy, the serum creatinine and potas-

sium concentrations should be monitored.
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Table 17 BP levels for boys and girls by age in the 50th percentile

height

Age, years Boys SBP/DBP, mmHg Girls SBP/DBP, mmHg

90th 95th 99th 90th 95th 99th

1 99/52 103/56 110/64 100/54 104/58 111/65

2 102/57 106/61 113/69 101/59 105/63 112/70

3 105/61 109/65 116/73 103/63 107/67 114/74

4 107/65 111/69 118/77 104/66 108/70 115/77

5 108/68 112/72 120/80 106/68 110/72 117/79

6 110/70 114/74 121/82 108/70 111/74 119/81

7 111/72 115/76 122/84 109/71 113/75 120/82

8 112/73 116/78 123/86 111/72 115/76 122/83

9 114/75 118/79 125/87 113/73 117/77 124/84

10 115/75 119/80 127/88 115/74 119/78 126/86

11 117/76 121/80 129/88 117/75 121/79 128/87

12 120/76 123/81 131/89 119/76 123/80 130/88

13 122/77 126/81 133/89 121/77 124/81 132/89

14 125/78 128/82 136/90 122/78 126/82 133/90

15 127/79 131/83 138/91 123/79 127/83 134/91

16 130/80 134/84 141/92 124/80 128/84 135/91

17 132/82 136/87 143/94 125/80 129/84 136/91

Falkner B, et al. Pediatrics. 2004;114:555–76
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CQ7 Is management of CKD–MBD (chronic kidney

disease-mineral and bone disorders) recommended

to improve growth and the survival rate of children

with CKD?

We recommend an appropriate management of CKD-
MBD to prevent growth retardation and CVD. Pre-
vention of CVD may lead to an improvement in the
survival rate of children with CKD. (Grade B)
We recommend that the target serum calcium (Ca)
and phosphorus (P) levels be within the normal range
for the patient’s age at all CKD stages. (Grade C1)
We recommend that the target serum Ca P product
be 65 mg2/dL2 in children aged less than 12 years
and 55 mg2/dL2 in children aged 12 years or older
at CKD stages 3–5. (Grade C1)
We recommend that the target serum intact PTH level
be within the normal range at CKD stages
2–3, 100 pg/mL at stage 4, and 100–300 pg/mL at
stages 5 and 5D. (Grade C1)

It has been shown that CKD–MBD causes not only bone

disorders, but also cardiovascular calcification, which may

have a direct impact on survival. In children who are still

growing, CKD–MBD also causes bone pain, limb defor-

mities, bone fracture, and growth retardation, which impair

the patient’s quality of life. This CQ is aimed at deter-

mining whether appropriate management of parameters in

CKD–MBD, such as serum calcium, phosphorus, and

parathyroid hormone (PTH), improves growth and prevents

CVD in children with CKD.

An observational study employing bone biopsies per-

formed on 55 children undergoing peritoneal dialysis (PD)

showed that higher levels of PTH were significantly associ-

ated with high-turnover lesions in the bone and lower levels of

PTH with adynamic bone. In addition, an international survey

of 890 children undergoing PD showed that higher PTH

levels were significantly associated with osteopenia, bone

pain, limb deformities, growth retardation, and extraosseous

calcifications. Therefore, serum PTH should be appropriately

managed to prevent bone disorder and growth retardation. In

regard to the prevention of CVD, studies in children and

young adults showed that cardiac calcification was associated

with serum PTH, phosphorus, and Ca 9 P product. Other

reports showed that carotid intima-media thickness corre-

lated with Ca 9 P and that left ventricular hypertrophy and

poor diastolic function correlated with higher levels of PTH

in children with CKD. Therefore, CKD–MBD should be

appropriately managed to prevent CVD.

The recommendations regarding the target levels of

serum calcium, phosphorus, PTH, and Ca 9 P product are

based on observational studies and international guidelines

including the KDOQI guidelines, KDIGO guidelines, and

European Pediatric Dialysis Working Group guidelines.

In summary, CKD–MBD should be managed appropri-

ately to prevent growth retardation, bone disorder, and

CVD.
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CQ8 Is it recommended that the concentration

of hemoglobin be maintained above 11 g/dL

for the treatment of anemia in order to improve

the prognosis and survival of children with CKD?

We suggest maintaining Hb values above 11 g/dL to
improve the prognosis and survival of children with
CKD. (Grade C1)
However, the upper limit of Hb values is not set.

The effects of renal anemia on the glomerular filtration

rate in children have not been clarified. Whether uncon-

trolled anemia in children with CKD affects their prognosis

and what the normal Hb levels are in children with CKD

also remain unclear. Anemia in children with CKD

strongly affects the cardiovascular system as well as the

kidneys. In particular, it causes left ventricular failure,

leading to prolonged hospital stays, and eventually to a

higher mortality rate. It has been reported that early ther-

apeutic intervention contributes to a child’s growth and

improves IQ and QOL. Therefore, treatment should be

administered if the patient has been diagnosed with ane-

mia. Treatment should continue until the Hb value exceeds
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11 g/dL. Note, however, that although the upper limit of

the Hb value in children has not yet been set, Hb values in

adults are defined such that one should not intentionally

exceed 13 g/dL. In addition, adequate attention should also

be paid to such problems as hypertension and vascular

access troubles in the treatment of anemia in children with

CKD (Tables 18, 19).
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CQ9 Is treatment of growth retardation

with recombinant human growth hormone (rhGH)

recommended for children with CKD?

We recommend treatment with rhGH for pre-
pubescent children with CKD at stages 3–5 with
accompanying growth retardation. (Grade B)

Growth impairment is one of the major visible compli-

cations of CKD in children. Currently, rhGH is used to

treat growth impairment in children with CKD and is

covered by health insurance in Japan. A concern is whether

rhGH therapy should be administered to all children with

CKD who have growth impairment.

Various randomized controlled trials reported that ade-

quate growth in stature was obtained in 2 or 3 years after

the start of rhGH treatment. We recommend administering

rhGH at 28 IU/m2/week (or approximately 0.35 mg/kg/

week). In infants, it is preferable to first consider appro-

priate nutritional intake, and then consider rhGH therapy as

well.
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CQ10 Is urological intervention for urinary tract system

abnormalities in children with CKD recommended

to prevent the progression of renal dysfunction?

For children with CKD, we recommend carefully
evaluating urinary tract system abnormalities and
considering urological intervention for preventing the
possible progression of renal dysfunction. (Grade C1)

The most common condition responsible for children

with CKD is congenital anomalies of the kidney and uri-

nary tract (CAKUT). Structural anomalies in the CAKUT

spectrum are most commonly renal dysplasia and hypo-

plasia, often accompanied by anomalies of the extrarenal

urinary tract system. Typical disorders include vesicoure-

teric reflux (VUR), obstructive urinary tract disorders [e.g.

hydronephrosis, posterior urethral valves (PUV)], and

bladder dysfunction.

For all children with CKD resulting from CAKUT, it is

recommended that the history of the child’s voiding pat-

terns be taken and that an ultrasonography be taken of the

whole urinary tract. If obstruction of the urinary tract is

Table 18 Normal Hb values for children(g/dL)

Boys Girls

Mean SD \5th

percentile

Mean SD \5th

percentile

1 year\ 14.7 1.4 12.1 13.2 1.1 11.4

1–2 years 12.0 0.8 10.7 12.0 0.8 10.8

3–5 years 12.4 0.8 11.2 12.4 0.8 11.1

6–8 years 12.9 0.8 11.5 12.8 0.8 11.5

9–11 years 13.3 0.8 12.0 13.1 0.8 11.9

12–14 years 14.1 1.1 12.4 13.3 1.0 11.7

15–19 years 15.1 1.0 13.5 13.2 1.0 11.5

NHANESIIIdata, United States, 1988–1994

Table 19 Normal Hb values

for infants(g/dL)

Nathan and Oski’s Hematology

of Infancy and Childhood (ed 6)

Mean -2 SD*

Term 16.5 13.5

1–3 days 18.5 14.5

1 week 17.5 13.5

2 weeks 16.5 12.5

1 month 14.0 10.0

2 months 11.5 9.0

3–6 months 11.5 9.5

6–24 months 12.0 10.5
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suggested or abnormal bladder morphology is present,

various imaging modalities, urodynamic testing, endos-

copy, and other tests should be considered for further

evaluation. In all patients determined to require a renal

transplant, a voiding cystourethrogram (VCUG) is recom-

mended to identify any VUR and evaluate the bladder and

the urethral morphology and function. Patients with urinary

system abnormalities that are confirmed as a result of these

examinations require appropriate intervention.

1. Management of VUR in children with CKD

For VUR in children with CKD, further studies are

necessary to elucidate whether prophylactic antimicrobial

therapy or antireflux surgery can improve renal prognosis.

VUR can be secondary to lower urinary tract abnormalities

or other abnormalities, and those primary abnormalities

require attention.

2. Management of lower urinary tract abnormalities in

children with CKD

Among lower urinary tract abnormalities, particularly

severe conditions are bladder dysfunction, PUV, and other

urethral obstructive diseases. Bladder dysfunction can

result not only from a neurological abnormality (neuro-

genic bladder), but also from other disorders without

apparent neurological abnormalities, such as Hinman’s

syndrome, urethral abnormalities including PUV, and

polyuria associated with impaired urinary concentration. It

is important to carefully take the history of the child’s

voiding patterns (e.g., number of voidings per day, time of

voiding, urgency, daytime enuresis, nocturnal enuresis) and

any constipation, and perform ultrasonography to evaluate

bladder morphology and wall thickening. If ultrasonogra-

phy suggests an abnormality, the urodynamics should be

evaluated. In patients with confirmed bladder dysfunction,

the prognosis of renal function may be improved by clean

intermittent catheterizations (CIC), anticholinergic medi-

cation, or surgical bladder augmentation.

3. Management of urinary tract abnormalities in renal

transplant recipients

Management of urinary tract abnormalities is an impor-

tant factor for successful maintenance of renal function after

renal transplantation. In post-renal transplant patients, it has

been suggested that VUR causes not only pyelonephritis,

but also impaired function of the transplanted kidney. On

the other hand, with appropriate diagnosis and urological

intervention before renal transplantation in such patients,

the prognosis for the transplanted kidney’s function has

been shown to be comparable to that in patients without a

lower urinary tract disorder.
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CQ11 What is recommendation regarding renal

replacement therapy (RRT) as a first line treatment

for CKD in children?

We suggest renal transplantation as a first line treat-
ment for RRT since there is some evidence that it
improves the prognoses for children with CKD.
(Grade C1)
For children with CKD on a transplant waiting list,
we recommend peritoneal dialysis as the renal
replacement therapy until the patient receives the
renal transplant. (Grade B)

Renal replacement therapy is considered for CKD stages

4 and 5. In children as well as adults, hemodialysis, peri-

toneal dialysis, and renal transplantation are among the top

therapies of choice. The question is which therapy is

optimal for CKD in children who must grow physically,

mentally, and socially, including in their infancy when

performing RRT is technically difficult, as well as in

puberty when drug compliance and other issues arise.

When simply comparing survival rates, renal transplanta-

tion is the best treatment for RRT. Even though the patient

must undergo temporary dialysis, renal transplantation is the

ultimate choice from the viewpoint of both the patient’s

prognosis and QOL. If a child with CKD is treated with

chronic dialysis, peritoneal dialysis is preferable, considering

the techniques and the QOL (including growth and develop-

ment, as well as acquisition of social abilities). Whichever

renal replacement therapy is chosen, it is important to provide

information to the patient’s parents and consult with them

from a long-term perspective. Coordinated care involving

mental, social and physical aspects is especially necessary for

children and adolescents. Such care should involve not only

doctors, but also nurses, psychotherapists, dietitians, social

workers, teachers, and other appropriate professionals.
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Chapter 18: Initiation of dialysis

CQ1 When should general physicians refer their CKD

patients to specialists in order to delay the timing

for renal replacement therapies?

We recommend that general physicians refer their
patients to specialists when the CKD stage has

increased to G3 or greater as referral can delay the
course of renal disease and the timing for renal
replacement therapies.

It has been reported that the risk of cardiovascular

events and the rate of worsening of renal function sig-

nificantly increased in CKD patients when their eGFR

was reduced to less than 50 ml/min/1.73 m2. Therefore,

early referral of such patients to nephrologists is usually

recommended. However suitable timing of the referral

remains uncertain. To our knowledge, no prospective

studies have been conducted to directly address this

question. Some small, retrospective or uncontrolled

studies indicated that early referral at CKD stage G3 or

greater can slow down the course of renal disease, which

may consequently delay the timing for renal replacement

therapies and ultimately, related mortality. Other retro-

spective studies also have indicated that early referral has

some advantages after the initiation of renal replacement

therapies, such as decreasing complications and improv-

ing survival. There have been some studies demonstrating

that early treatment at a nephrology clinic with a multi-

disciplinary team (such as a pharmacy specialist, a dia-

betes educator, a dietitian, a social worker, and a

nephrology nurse) may slow the decline in the patient’s

renal function. Additional prospective studies are needed

to establish the usefulness of early referral in delaying

the timing of renal replacement therapies.
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CQ2 What are the criteria for initiating dialysis

to improve the survival of patients with CKD?

Early initiation of dialysis in patients with no symp-
toms of uremia and an eGFR of 8–14 ml/min/1.73 m2

does not contribute to a better prognosis. However,
initiation before reaching an eGFR of 2 ml/min/
1.73 m2 is desirable even when the patient is
asymptomatic.

In the past, early initiation of dialysis was suggested as a

means to improve survival, and there was a tendency to start

dialysis even though the eGFR was relatively high. However,

in recent years, there have been several negative reports on the

early initiation of dialysis and better survival after later dial-

ysis initiation. The negative results of the IDEAL study, which

was an RCT that compared early with late initiation, were not

cited in the CKD clinical practice guidelines 2009 in Japan.

Consensus among various related societies in Japan and

several overseas guidelines have suggested that the initiation of

dialysis is required in patients with progressive renal dysfunc-

tion with an eGFR value of \15 ml/min/1.73 m2 and clear

positive symptoms of uremia. According to recent observa-

tional studies (e.g. ERA-EDTA registry, USRDS registry),

patients who were initiated on dialysis at an eGFR value of

approximately 5–10 ml/min/1.73 m2 showed a significantly

better survival, compared with those who were initiated at a

value of less than 5 or more than 10 ml/min/1.73 m2. In addi-

tion, an analysis of Japanese patients enrolled in the JSDT

registry showed that initiation at an eGFR value of\8 ml/min/

1.73 m2 was associated with a better prognosis and initiation at

an eGFR value of\2 ml/min/1.73 m2 was associated with a

poorer prognosis. The results of the IDEAL study, the only RCT

on this topic, were published in 2010. In this study, a compar-

ison of survival between an early initiation group (eGFR of

10–14 ml/min/1.73 m2) and a late initiation group (5–7 ml/
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min/1.73 m2) was conducted. However, better results for all-

cause mortality were not obtained in the early initiation group.
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CQ3 When is permanent vascular access recommended

to be provided in order to improve survival

after the initiation of hemodialysis

We recommend avoidance of initiation of hemodia-
lysis with a central vein catheter (CVC) as vascular
access, because initiation with a CVC could be
related to a poorer survival. (Grade C2)
We suggest creation of an arteriovenous fistula or a
graft preferably at 30 days or at least 14 days before
the estimated timing of the first puncture. (Grade C1)

Vascular access with a CVC has reportedly been asso-

ciated with a poor prognosis. Therefore, initiation of dial-

ysis with a CVC should be avoided as much as possible. On

the other hand, occlusion or failure of an arteriovenous

fistula (AVF) or a graft (AVG) subsequently leads to the

use of a CVC. It has been reported that the timing of the

first puncture after placement of an AVF or AVG was

associated with the patency of access. Therefore, we

deduced that the timing of the first cannulation at a time

when access patency is maximized can influence survival.

Several studies have investigated the relationship

between the timing of the first puncture and subsequent

access patency. Their results have shown that patients who

started their hemodialysis treatment either within 14 or

30 days after the creation of an AVF experienced a higher

incidence of access failure. Moreover, a beneficial effect of

AVF or AVG at the initiation of hemodialysis was also

demonstrated from an economic view point; the population

of patients with functioning access at the start of hemodi-

alysis treatment incurred a lower health care cost. Facility-

based analysis conducted by DOPPS demonstrated that the

characteristics of blood access rather than practice pattern

of each facility affected access failure. Therefore, we rec-

ommend the creation of an AVF or AVG at least

14–30 days before the initiation of hemodialysis.
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Chapter 19: Kidney transplantation

CQ1 Is preemptive kidney transplantation

recommended to improve mortality?

We recommend preemptive kidney transplantation to
improve mortality compared to kidney transplanta-
tion after the institution of dialysis.

Preemptive kidney transplantation (PEKT) has been

shown to improve mortality and graft survival and to

decrease rejection rates. It has also been suggested that

PEKT may improve the quality of life by allowing the

patient to be free from dialysis and related drawbacks such

as a strict diet, fluid control, and hospitalization due to

vascular access trouble. These advantages may be even

greater for pediatric patients in order to support healthy

growth. Medical financial issues also favor PEKT com-

pared to the institution of dialysis. Recent studies have,

however, suggested that PEKT may only have a favorable

outcome compared with cadaveric kidney transplantation.

It is anticipated that further studies will clarify the

advantages of PEKT compared with more recent data on

kidney survival in non-PEKT patients.

Timing of PEKT should be judged carefully since per-

forming PEKT too early, before reaching the eGFR value

of 15 ml/min/1.73 m2, has not shown benefit in terms of

mortality compared to an eGFR value below 15 ml/min/

1.73 m2. However, attempting PEKT with optimal timing

is recommended as it requires careful monitoring and

control, which is expected to lead to comprehensive man-

agement of the CKD patient.
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CQ2 What are the strategies for pre-transplant CKD

management to improve mortality and kidney survival

in kidney transplant patients?

To improve mortality and kidney survival  in  kidney
transplant patients, we recommend careful prevention
and management of  CKD and  related  complications
(anemia,     CKD-MBD,  CVD,  metabolic  syndrome,
infection etc.).

The innovative development of immunosuppressants has

led to lower rates of rejection and better kidney survival.

This has generated new strategies to improve survival with

a functioning graft. Recommendations related to pre-

transplant CKD management for better survival after

transplantation are mentioned below.

Anemia in CKD

Anemia in CKD patients should be controlled (see

chapter 7) before transplantation.

CKD–MBD

CKD–MBD in CKD patients (see chapter 8) should be

controlled before transplantation.

Cardiovascular disease

Cardiovascular disease (CVD) in CKD patients (see

chapter 4) should be evaluated and aggressively treated

before transplantation.

Obesity and metabolic syndrome

Obesity in CKD patients (see chapter 15) should be

evaluated and treated before transplantation.

Smoking

Quitting smoking before transplantation is recommended.

Infection

Aggressive immunization with vaccines should be star-

ted from the early stage of CKD.

Recurrence of primary kidney disease

Effort should be made to clarify the primary disease that

led to end-stage renal disease and determine the relation-

ship, at the time of transplantation, with the possibility of

disease recurrence.
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CQ3 What are the strategies to preserve kidney

function and mortality in living kidney donors?

We recommend adequate evaluation of kidney func-
tion and elimination or treatment of factors that may
retard kidney function before transplantation.
We recommend monitoring for the occurrence of
hypertension, albuminuria/hematuria and other risk
factors of CVD after kidney donation as in general
CKD management.

412 Clin Exp Nephrol (2014) 18:346–423

123



Most Japanese donors, especially the elderly, develop

CKD stage 3 after kidney donation. Evidence related to

kidney function and survival in such donors after trans-

plantation has accumulated and is hereby reviewed for

adequate management.

Mortality

Adequate evaluation of donors before the transplanta-

tion leads to a better survival.

Kidney survival

Kidney survival in adequately evaluated donors before

transplantation leads to a good prognosis. However, kidney

function should be surveyed over the long-term.

Hypertension and CVD

Complications in adequately evaluated donors before

transplantation do not exacerbate, but the incidence of

hypertension may increase and should, therefore, be care-

fully monitored over the long-term.

Quality of life

Reports have shown that physical and psychological

indicators of the quality of life of kidney donors, compared

to the general population, are maintained or even increased

after donation.

Pregnancy after donation

Risks of pregnancy after donation should be explained

well to female donors of child-bearing age or those who

wish to give birth.
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Chapter 20: CKD care for the elderly

CQ1 Is an evaluation for uroepithelial malignancy

recommended for elderly patients with microscopic

hematuria?

A higher chance of malignancy warrants medical
checks with techniques such as ultrasonography,
cystoscopy and urine cytology in elderly patients with
microscopic hematuria.

In adults with asymptomatic gross or microscopic

hematuria in the absence of proteinuria, the incidence of

uroepithelial malignancy can be determined and has been

found to increase with aging. Accordingly, asymptomatic

hematuria in individuals 40 years of age or older is asso-

ciated with an increased possibility of uroepithelial

malignancy.

Although the likelihood of finding uroepithelial malig-

nancy is higher in patients with macroscopic hematuria,

asymptomatic hematuria, whether gross or microscopic,

warrants evaluation. Ultrasonography, cystoscopy and

urine cytology are of diagnostic value. According to recent

research on patients with microscopic hematuria, the

probability of undiagnosed malignant disease was less than

1 %. Patients who yield negative results in complete

evaluations for asymptomatic microscopic hematuria have

a low probability of subsequently developing uroepithelial

malignancy. When hematuria is diagnosed for the first time

in elderly patients, a further examination including diag-

nostic imaging should be performed to check for the

occurrence of a urinary tract abnormality. If there are no

abnormalities, no further examination is required, but an

annual health check-up is recommended.
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CQ2 Is percutaneous renal biopsy recommended

for elderly patients with CKD?

We recommend use of renal biopsy for elderly
patients with CKD be determined by weighing the
undesirable side effects against the possible outcomes
after a biopsy-proven diagnosis.

Percutaneous renal biopsy is a useful diagnostic aid that

can guide decisions on therapeutic options for patients with

CKD, even for the elderly. Since previous reports have

shown that well-defined histological patterns do not always

correspond to equally clear clinical pictures, particularly so

in elderly patients with CKD, the diagnostic value of a

renal biopsy for an elderly patient is obvious. Therefore,

the use of renal biopsy for elderly patients with CKD

should be determined by weighing the undesirable side

effects against the possible outcomes after a biopsy-proven

diagnosis.
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CQ3 Should elderly patients with CKD be advised

to quit smoking to prevent the progression of CKD?

We recommend that elderly patients with CKD quit
smoking to prevent the progression of CKD. (Grade
B)

Previous studies have reported that smoking is an

independent risk factor for the development and progres-

sion of CKD, including diabetic nephropathy. This also has

been demonstrated in elderly patients. Reducing or quitting

smoking should be part of the therapy or regarded as a

preventive measure for elderly patients with CKD.

Therefore, it is recommended that elderly patients with

CKD quit smoking to prevent the progression of CKD to

ESKD.
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CQ4 Is vaccination recommended for elderly patients

with CKD?

Since the rates of hospitalization for severe pneu-
monia or death are high among unvaccinated, high-
risk persons such as elderly patients with CKD, we
recommend that elderly patients with CKD receive
influenza and pneumococcal vaccinations. (Grade
C1)

Studies on the benefits of influenza vaccination among

elderly persons with chronic lung disease, heart disease, and

liver disease have shown that there are significant benefits

associated with vaccination. Previous studies also demon-

strated that the rates of hospitalization for pneumonia/

influenza or death were highest among unvaccinated, high-

risk persons such as elderly patients with CKD. Influenza

vaccination reduces the frequency of secondary complica-

tions as well as the risk for influenza-related hospitalization

and death among adults aged C66 years with CKD.

Pneumococcal infections are a major source of pneu-

monia in adults, especially among older adults aged

C66 years with CKD. Pneumococcal conjugate vaccine is

recommended for adults aged C65 years with CKD or

nephrotic syndrome as well as chronic heart disease,

chronic lung disease, or diabetes.
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CQ5 Is a low protein diet recommended for elderly

patients with CKD to control the progression of CKD?

We suggest a low protein diet for elderly patients
with CKD to slow the progression of CKD to ESKD.
(Grade C1)
The recommended protein intake for elderly patients
with CKD is 0.8 g/kg/day.
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Previous studies suggested that dietary protein restric-

tion can slow progression to ESKD in patients with CKD

stage G3b or later. However, it is unclear whether a low

protein diet is also recommended for elderly patients with

CKD. Since most studies included adults aged C65 years

with CKD, a possible beneficial effect of a low protein diet

in elderly patients with CKD cannot be denied. However,

since some elderly patients with CKD are frail, the indi-

cation should be carefully determined. The recommended

protein intake for elderly patients with CKD is 0.8 g/kg/

day, which is the same as that for adults with CKD.
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CQ6 Is salt restriction recommended to slow

the progression of CKD in elderly patients with CKD?

We suggest a low-sodium diet for elderly hyperten-
sive patients with CKD, since it is also effective for
lowering blood pressure. (Grade C1)
The target for salt intake is between 3 g/day and 6 g/
day.

Studies performed in elderly people have revealed that

dietary sodium intake probably has an impact on blood

pressure as blood pressure is reduced in association with

the restriction of sodium intake. Therefore, a low-sodium

diet is likely to be effective for lowering the blood pressure

of CKD patients and, therefore, also effective for slowing

the progression of CKD, even in the elderly. The target salt

intake recommended for elderly CKD patients is 3–6 g/

day, as is the case for non-elderly CKD patients. However,

clinicians should be cautious about an excessive decline of

blood pressure and hyponatremia due to a very low dietary

sodium intake.
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CQ7 Is antihypertensive therapy recommended

to prevent the progression of CKD in elderly

hypertensive patients with CKD?

In elderly hypertensive patients with CKD, we
recommend antihypertensive therapy to slow the
progression of renal impairment and to reduce the
risk of CVD events. (Grade B)
For elderly hypertensive non-diabetic patients with
CKD, we recommend the blood pressure be reduced
gradually until the target of 140/90 mmHg is
achieved. (Grade C1)
In elderly hypertensive non-diabetic patients with
proteinuria (A2 or A3 categories of CKD) and elderly
hypertensive non-diabetic CKD patients with a high
risk of CVD, we recommend that blood pressure be
further reduced gradually until the target of 130/
80 mmHg is achieved, while carefully checking that
there is no deterioration of kidney function and no
ischemic symptoms of other organs. (Grade C1)
Excessive reduction of blood pressure should be
avoided because it can compromise the survival
benefit.
In elderly hypertensive diabetic patients with CKD,
we recommend that blood pressure be reduced gra-
dually towards the target of 130/80 mmHg while
carefully checking that there is no deterioration of
kidney function and no ischemic symptoms of other
organs. (Grade C1)
For elderly hypertensive patients with CKD, we
recommend that antihypertensive therapy be initiated

with a CCB, diuretic, or RAS inhibitor as mono-
therapy. (Grade C1)
If the reduction of blood pressure is insufficient, then
combined antihypertensive therapy should be
attempted.

Results indicating the target blood pressure for CKD

patients have been reported, but there has only been a

limited number of studies that specifically enrolled elderly

patients with CKD. Results of a few studies have suggested

that a systolic blood pressure of 160 mmHg or lower could

be the target of antihypertensive therapy aimed at inhibit-

ing the progression of CKD in elderly patients with CKD.

The target blood pressure may be set at a higher level for

elderly patients with CKD than for younger patients with

CKD, although there is insufficient evidence at present to

support this. However, tighter blood pressure control is

preferable for elderly CKD patients with diabetes or pro-

teinuria, who are at high risk of progression to ESKD and

occurrence of CVD, including cerebrovascular disease.
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Based on these considerations, the above blood pressure

targets have been recommended for elderly hypertensive

patients with CKD.

In elderly hypertensive patients with CKD, great care

should be taken to avoid excessive reduction of blood

pressure. Some studies of elderly CKD patients have

demonstrated a J-curve relationship between the reduction

of blood pressure and an increase in all-cause mortality and

cerebrovascular morbidity. The lower limit of the target

blood pressure range should be set individually for each

patient according to his/her general condition, because it is

currently difficult to establish the level in an empirical

manner.

It has been reported that CCBs slow the progression of

CKD in elderly patients with CKD. In addition, the efficacy

of diuretics and RAS inhibitors in reducing the incidence of

CVD in elderly patients with CKD is supported by accu-

mulating evidence. Therefore, these antihypertensive

agents have been recommended as first-line drugs.
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CQ8 Is the target hemoglobin level of 11–13 g/dL

recommended for the management of anemia in elderly

patients with CKD?

In elderly patients with CKD, we suggest that ESA
therapy be initiated for anemia if the hemoglobin
level falls below 10 g/dL. (Grade C1)
We recommend not to continue ESA therapy to
maintain a Hb level of ≥ 13 g/dL, because it may
increase the risk of CVD events. (Grade D)
Do not administer high-dose ESA therapy with the
aim of improving ESA-resistant anemia in elderly
patients with CKD, but instead investigate the
mechanism of ESA resistance.

Based on the results from two RCTs (the CHOIR study

and the TREAT study) on the management of CKD-asso-

ciated anemia and improvement of QOL in elderly patients

with CKD, the criterion for initiation of treatment is

defined as an Hb level that is lower than 10 g/dL, which is

also a recommended criterion for the treatment of anemia

in younger patients with CKD. In addition, it is recom-

mended that the Hb level should not be maintained at 13 g/

dL or higher. Furthermore, in ESA-resistant elderly

patients with CKD, caution should be exercised against

using high-dose ESA therapy. Instead, it is recommended

that the cause of resistance to ESA should be investigated.
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CQ9 Is the target HbA1c of \6.9 % recommended

for glycemic control in diabetic elderly patients

with CKD?

Since available evidence is insufficient to establish
the efficacy of tight glycemic control in elderly dia-
betic patients with CKD, we suggest the target
HbA1c 8.2 %. (Grade C1)

Elderly diabetic patients with CKD are at high risk of

developing hypoglycemia and are often unaware of its

signs. Therefore, glycemic control should be implemented

with great care.

There has been a limited number of studies investigating

the target HbA1c in elderly diabetic patients with CKD. Ta-

naka et al. reported that an HbA1c level\8.2 % is the preferred

target in these patients. After consideration of other guide-

lines, glycemic control targeting an HbA1c level \8.2 % is

recommended for elderly diabetic patients with CKD.

Bibliography

1. Tanaka Y, et al. Diabetes Care. 1998;21:116–20. (Level 4)

2. Burge MR, et al. JAMA. 1998;279:137–43. (Level 2)

3. Ben-Ami H, et al. Arch Intern Med. 1999;159:281–4. (Level 5)

4. Murata GH, et al. Diabetes Res Clin Pract. 2004;65:61–7. (Level 4)

CQ10 Is statin therapy recommended for preventing

the progression of renal impairment in elderly CKD

patients with dyslipidemia?

In elderly CKD patients with dyslipidemia, we
recommend treatment with statins since it has the
potential to prevent the progression of CKD and can
reduce the risk of CVD events. (Grade C1)
We suggest LDL-C 120 mg/dL or non-HDL-
C 150 mg/dL as the target range for control of
hyperlipidemia in elderly patients with CKD. (Grade
C1)

There has only been a limited number of studies assessing

the efficacy of statins for preventing the progression of renal

impairment, especially in elderly CKD patients with dyslipi-

demia. A meta-analysis conducted by Vidt et al. revealed

short-term efficacy of rosuvastatin for improving renal func-

tion, but the long-term efficacy of statin remains to be explored.

Therefore, statin therapy is recommended for elderly

CKD patients with dyslipidemia since it may prevent the

progression of renal impairment and can also reduce the

risk of CVD events. A target lipid level of\120 mg/dL for

LDL-C or \150 mg/dL for non-HDL-C is recommended

for elderly patients with CKD as is the case for younger

patients with CKD.
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CQ11 Is weight control recommended for obese elderly

patients with CKD to slow the progression of CKD ?

We recommend weight control since it can slow the
progression of CKD and improve exercise capacity
for obese elderly patients with CKD, with the proviso
that excessive dieting and exercise should be avoided.
(Grade C1)

Obesity is recognized increasingly as a major risk factor

for the progression of CKD. Several studies have reported

that weight control can slow the progression of CKD.

However, whether or not obesity is a risk factor for elderly

patients with CKD has not yet been evaluated sufficiently.

An epidemiologic study has reported that elderly

patients with metabolic syndrome had a higher cumulative

incidence and relative risk of CKD. On the other hand,

other studies have suggested that metabolic syndrome is a

significant determinant of CKD in men under 60 years of

age, but not for older patients. However, based on all of

these results, weight control is recommended for obese

elderly patients with CKD, but excessive dieting and

exercise should be avoided.
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CQ12 Is the administration of bisphosphonates

recommended for elderly patients with CKD

for the prevention and treatment of osteoporosis?

We recommend administration of bisphosphonates
for elderly patients with CKD to decrease the inci-
dence of bone fractures. (Grade B)
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There is a significant association between hip bone

fracture and moderate to severe degrees of CKD. Accord-

ing to recent research, alendronate and risedronate are safe

and effective for increasing bone matrix density and

decreasing bone fractures in CKD patients, particularly

female patients with severely reduced renal function. For

elderly patients with CKD, we recommend bisphosphonate

for the prevention and treatment of osteoporosis. Therapy

using bisphosphonates against osteoporosis should be

undertaken carefully to avoid undesirable side effects, such

as jaw necrosis.
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CQ13 Is immunosuppressive therapy combined

with corticosteroid recommended for elderly patients

with idiopathic nephrotic syndrome?

We recommend immunosuppressive therapy com-
bined with corticosteroid for elderly patients with
steroid-resistant idiopathic membranous nephropathy
(Grade B) or FSGS (Grade C1) to induce remission.
Immunosuppressive therapy for elderly patients
should be determined carefully since the elderly
patients are particularly prone to the adverse effects
and infectious complications of immunosuppression.
Conservative therapy with RAS inhibitors or diuretics
may be preferable for elderly patients when they are
highly immunocompromised or complicated.

A meta-analysis showed that treatment with immunosup-

pressives combined with corticosteroid increased the remis-

sion rate and was safe. In contrast, one observational study

from Japan reported that corticosteroid monotherapy could

induce remission in patients with idiopathic membranous

nephropathy as effectively as therapy combined with the

administration of immunosuppressives. Therefore, in Japan,

treatment with immunosuppressives combined with cortico-

steroid has been recommended to induce remission in patients

with steroid-resistant idiopathic membranous nephropathy. A

retrospective cohort study reviewed the outcomes after at least

1 year of treatment with chlorambucil combined with corti-

costeroid in 41 patients with membranous nephropathy who

were older than 65 years at onset. The study concluded that

such therapy was effective for inducing remission and safe for

elderly patients with membranous nephropathy.

For the treatment of steroid-resistant cases with FSGS, a

previous RCT demonstrated that immunosuppressives com-

bined with low-dose corticosteroid was effective. Another cohort

study reported that corticosteroid monotherapy was effective for

inducing remission in patients aged C66 years with FSGS.

Considering these results, the administration of immu-

nosuppressives combined with corticosteroid is recom-

mended for elderly patients with steroid-resistant idiopathic

membranous nephropathy in order to induce remission. For

the treatment of FSGS, corticosteroid monotherapy is rec-

ommended as the first-line treatment and immunosuppres-

sives combined with corticosteroid should be tried in

elderly patients with steroid-resistant FSGS.

Immunosuppressive therapy for elderly patients should

be undertaken carefully since the elderly are particularly

prone to the adverse effects and infectious complications of

immunosuppression. Conservative therapy with RAS

inhibitors or diuretics is recommended when the patients

are highly immunocompromised or complicated.
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CQ14 Is treatment with corticosteroid recommended

for elderly patients with IgAN to suppress

the progression of renal dysfunction?

We recommend treatment with corticosteroid for
elderly patients with IgAN to slow the progression of
renal dysfunction. (Grade C1)
For elderly patients with IgAN, conservative therapy
with RAS inhibitors or anti-platelets could be selec-
ted from the aspects of possible complications and
life expectancy.

The current cumulative evidence suggests that corticoste-

roid has significant effects on protecting renal function and

reducing proteinuria in patients with IgAN, but whether or not

it is also effective for elderly patients remains unclear. When

the histological diagnosis of IgAN was established, poor

prognosis indices, such as systolic high blood pressure, severe

proteinuria, decreased Ccr, and severely impaired histology,

were more commonly present in elderly patients aged over

50 years than those under 50 years. Therefore, treatment with

corticosteroid is recommended to slow the progression of

renal dysfunction in elderly patients with IgAN.
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CQ15 Is the initiation of maintenance dialysis

in accordance with the standard criteria recommended

for elderly patients with CKD?

For patients with stage G5 CKD, we recommend that
appropriate timing of the initiation of dialysis be
determined in accordance with the standard criteria.
(Grade C1) For high-risk patients such as elderly
patients with CKD, early initiation of dialysis may be
desirable to avoid complications and to improve the
QOL.

Current recommendations for initiating dialysis therapy

are based on the level of residual kidney function and

clinical symptoms due to uremia. Effects of the early ini-

tiation of dialysis remain unclear. Since previous studies

reported that patients who were initiated on dialysis ther-

apy at greater GFRs were at an increased risk of death that

was not fully explained by comorbidity, early initiation of

dialysis is not recommended. There is no evidence showing

the beneficial effects of early initiation of dialysis in

elderly patients. Therefore, for patients with stage G5

CKD, the appropriate time to initiate dialysis should be

determined in accordance with the standard criteria. For

high-risk patients such as the elderly with CKD, early

initiation of dialysis may be desirable to avoid complica-

tions and to improve the QOL.
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CQ16 Is kidney transplantation recommended

for the treatment of ESKD in elderly patients

with CKD?

We recommend kidney transplantation for the treat-
ment of ESKD in elderly patients with CKD since
their graft survival rate is similar to that in younger
patients and transplantation may improve the prog-
nosis. (Grade B)

It was reported that the graft survival rate and prognosis

of elderly recipients were inferior to those of younger

recipients. However, death with a functioning graft

(DWFG) contributed to the lower graft survival rate in

elderly recipients, rather than graft failure. Most analyses

that used DWFG as an endpoint have revealed that the graft

survival rate is similar in elderly recipients to that in

younger recipients, and some of these analyses have even

shown that the graft survival rate is higher in elderly

recipients than in younger recipients.

A study of elderly dialysis patients on a transplant

waiting list compared those who received a kidney trans-

plant with those who remained on dialysis. The results

revealed that kidney transplant recipients had a worse

short-term survival rate, but showed significantly superior

long-term survival. For the management of ESRD in

elderly patients, there is no evidence suggesting that an age

limit be set for receiving a kidney transplant. Therefore, as

with younger CKD patients, the risk vs. benefit balance

should be considered for each patient and kidney trans-

plantation should be selected if so indicated.
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CQ17 Is kidney donation from an elderly person

disadvantageous for the functional outcome

of the recipient after receiving a kidney transplant?

Transplantation of kidneys from elderly donors may
be inferior to using grafts from younger donors in
terms of post-transplantation outcomes. Nevertheless,
the use of kidneys from elderly donors should not be
ruled out because of a shortage of donors.

There have been a number of reports that kidney

transplantation from elderly donors is inferior to trans-

plantation from younger donors with respect to post-

transplantation outcomes (graft survival rate and patient

survival rate).

However, in a study of living-donor kidney transplan-

tation to patients aged C60 years, and which employed the

OPTN/UNOS database, multivariate analysis revealed that

both the graft survival rate and patient survival were

comparable between living donors aged over 55 years and

those aged 55 years or younger.

There is a shortage of donors, hence kidney trans-

plantation from elderly donors should not be ruled out

and its appropriateness should be considered for each

patient individually. Elderly living donors should be

followed up with great care after the kidney graft has

been harvested.
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CQ18 Is the use of iodinated contrast medium

recommended for elderly patients with CKD?

In elderly CKD patients, the incidence of contrast-
induced nephropathy is high. Therefore, we recom-
mend that the appropriateness of performing contrast-
enhanced imaging in elderly patients with CKD be
examined carefully.

If the need for contrast-enhanced imaging is thought to

outweigh the risks of contrast-induced nephropathy (CIN)

in elderly patients with CKD, the minimum dose of con-

trast medium should be used after providing the patient

with an adequate explanation about CIN, and ensuring

adequate prophylactic measures (such as hydration) to

avoid CIN before and after imaging.

In many reports, aging is referred to as an independent

risk factor for CIN. A systematic review published in 2007

lists the following as classic risk factors for CIN: pre-

existing renal insufficiency, diabetes mellitus, advanced

age, nephrotoxic substances, dehydration, use of high doses

of contrast medium, ionic high-osmolar contrast media,

and congestive heart failure.

Based on the above, iodinated contrast media should

not be used in elderly patients with CKD whenever

possible, because of the high incidence of CIN in this

patient group. If the need for contrast-enhanced imaging

is thought to outweigh the risks in elderly patients with

CKD, the contrast medium should be administered at the

minimum dose after providing the patient with an ade-

quate explanation about CIN, and ensuring adequate

prophylactic measures (such as hydration) to avoid CIN

before and after imaging.
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CQ19 Are COX-2-selective NSAIDs recommended

as anti-inflammatory/analgesic medications for elderly

patients with CKD?

We recommend that use of NSAIDs be minimized in
elderly patients with CKD, regardless of whether
these drugs are selective or non-selective, since, as
with non-selective NSAIDs, COX-2-selective
NSAIDs have the potential to cause progression of
renal impairment. (Grade C2)
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A few studies have compared the effects of COX-2-

selective NSAIDs and non-selective NSAIDs on renal

function in elderly patients with CKD, and none of these

studies has demonstrated any advantage of COX-2-selec-

tive NSAIDs. Therefore, minimizing the use of NSAIDs is

recommended in elderly patients with CKD, irrespective of

whether these drugs are COX-2-selective or non-selective.
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Chapter 21: Drug administration in CKD

CQ1 Does contrast medium affect the progression

of CKD?

Contrast medium affects the progression of CKD
through the onset of contrast-induced nephropathy
(CIN).
CKD patients at stage G3b or greater
(GFR 45 mL/min/1.73 m2) are at an increased risk
of CIN after contrast-enhanced CT.
CKD patients at stage G3a or greater (GFR 60 mL/
min/1.73 m2) are at an increased risk of CIN after
CAG.

CIN is generally defined as increases equal to 0.5 mg/dL

or higher or increases equal to 25 % or higher in creatinine

level at 72 h after the administration of iodinated contrast

medium. To avoid the onset of CIN, it is important to predict

the risk before the administration of contrast medium.

In a cohort study of 1,144 patients receiving CAG with

non-ionic contrast medium, baseline renal impairment was

the only confirmed predictor of CIN, and there was an

exponential increase in the risk of CIN if the baseline

creatinine level was 1.20 mg/dL or higher. CIN developed

in 381 of 1,980 patients (19.2 %) with CKD (eGFR

\60 mL/min/1.73 m2) and in 688 of 5,250 patients

(13.1 %) without CKD after PCI.

After undergoing contrast-enhanced CT in an outpatient

setting, Weisbord et al. reported that patients with an eGFR

level of less than 45 ml/min/1.73 m2 were at a higher risk

of CIN. Kim et al. reported that the incidence of CIN was

0.0, 2.9, and 12.1 % in patients with an eGFR of 45–59,

30–44, and \30 mL/min/1.73 m2, respectively.
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CQ2 Is fluid therapy recommended for the prevention

of CIN?

Since an intravenous infusion of isotonic saline pre-
vents CIN, we recommend infusions of isotonic sal-
ine before and after the administration of contrast
medium. (Grade A)
We suggest intravenous infusion, especially short-
time infusion of sodium bicarbonate solution,
because it prevents CIN and the effect may be
superior to that of the infusion of isotonic saline.
(Grade C1)

At first, a 0.45 % isotonic sodium chloride solution was

used for the prevention of CIN. RCTs that investigated the

importance of osmotic pressure in fluid therapy were

conducted, and the findings from analysis of 1,620 patients

demonstrated that the effect of isotonic saline was superior

to that of 0.45 % saline. Therefore the administration of

isotonic saline significantly reduced the incidence of CIN.

In many studies, administration of isotonic saline has been

carried out at the rate of 1 mL/kg/h, 6–12 h before and

after the examination. Based on these results, we recom-

mend the administration of isotonic saline for the preven-

tion of contrast-induced nephropathy.

On the other hand, 4 RCTs compared the effect of rapid

infusion (3 mL/kg/h) of sodium bicarbonate solution

(150 mEq/L) 1 h before examination, followed by that

administration at 1 mL/kg/h for 6 to 12 h. These RCTs,

including the PREVENT study reported from Korea,

demonstrated that the incidence of CIN was equal to or

significantly lower in the sodium bicarbonate solution

group compared to the isotonic saline group. These results

suggest that sodium bicarbonate solution may reduce the

incidence of CIN more effectively than isotonic saline in

cases when the treatment time is limited. However, no

study has reported that sodium bicarbonate solution

reduced the incidence of dialysis therapy or mortality.
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CQ3 Is blood purification therapy recommended

for the prevention of CIN?

We do not recommend hemodialysis after the
administration of contrast media, because it is not
effective for preventing the onset of CIN. (Grade D)

Since contrast medium can be removed by hemodialysis

(HD), there have been several reports of studies that tested

the effectiveness of blood purification therapy for pre-

venting the development of CIN. However, most studies

were not able to demonstrate the preventive effect. Vogt

et al. performed an RCT to test whether CIN can be

avoided by conducting prophylactic hemodialysis imme-

diately after CAG, PTA, and PTRA, and found that it did

not diminish the rate of complications, including the

development of CIN, the development of CVD, and death,

during a 6-day period after administration of contrast

medium. Moreover, Reinecke et al. reported that the inci-

dence of CIN from 48 to 72 h after CAG was higher in

patients receiving HD.

Lee et al. examined the effect of HD on preventing the

development of CIN after CAG. Ccr of patients receiving

HD decreased more than in those without HD (0.4 ± 0.9

vs. 2.2 ± 2.8 ml/min/1.73 m2). Additionally, the number

of patients requiring temporary dialysis was lower in the

dialysis group. However, these results need to be inter-

preted cautiously, because this was a single study and there

have been no other studies with similar results; moreover,

this study included relatively advanced CKD patients with

a mean creatinine level of 4.9 mg/dL.
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CQ4 Do NSAIDs affect the progression of CKD?

In patients with CKD, all NSAIDs carry the risk of
causing further deterioration of kidney function.
However, it is not known whether or not the renal
deterioration by NSAIDs affects the long-term
prognosis of CKD.

Some reports have shown significant relationships

between renal disorder and COX non-selective NSAIDs, or

COX-2 selective NSAIDs that have been introduced to

reduce renal disorder or gastrointestinal mucosal disorder,

while other reports do not, and currently there is no con-

sensus on the safety of these drugs. In the first edition of

the CKD guideline, we commented that the use of NSAIDs

should be minimal, because all NSAIDs carry the risk of

kidney disorder. Subsequently, there has been no evidence

to establish the safety of these drugs. A recent report from

the United States showed that many CKD patients were

potential users of NSAIDs, including commercially avail-

able drugs, and the awareness of CKD did not affect the

amounts of NSAIDs consumed. It is important to enlighten

patients with CKD regarding the use of NSAIDs.
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CQ5 Is the carbonaceous oral adsorbent, AST-120,

recommended for preventing the progression of CKD?

We recommend that the carbonaceous oral adsorbent,
AST-120, be considered for patients with CKD, since
AST-120 partially improves the markers of CKD
progression, suggesting a potential effect of slowing
the progression of CKD. (Grade C1)

Several studies have reported that AST-120 slowed the

deterioration of the CKD markers derived from serum

creatinine levels, however there have been no reports that

AST-120 affected the incidence of end-points, such as

mortality and the need for dialysis. Therefore, the admin-

istration of AST-120 is not strongly recommended, but can

be taken into account, since it partially improves the

markers of kidney function and has the potential effect of

slowing the progression of CKD
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CQ6 Does the risk of nephrogenic systemic fibrosis

(NSF) from MRI contrast medium containing

gadolinium increase in patients with CKD?

As the CKD stage progresses, the risk of NSF by MRI
contrast medium containing gadolinium increases.
The risk of NSF by gadolinium is high in patients at
CKD stage G4/G5 and with ESKD requiring dialysis
therapy (CKD stage G5D).
Since NSF induced by gadolinium is found in patients
with CKD stage G3a/G3b, the necessity and risk of
its use should be considered in deciding whether or
not to use a gadolinium contrast medium.
The relationship between CKD stage G1/G2 and the
incidence of NSF induced by gadolinium is not
known.

By the year 2006, a series of cases had shown the relation-

ship between the incidence of NSF and administration of gad-

olinium contrast medium. Subsequently, analyses have been

carried out on the relationship between CKD stage, type or dose

of gadolinium contrast medium and the incidence of NSF.

Patients with ESKD on maintenance dialysis therapy and

patients before dialysis therapy at CKD stage G4/G5 with an

eGFR of less than 30 mL/min/1.73 m2 are at increased risk

of NSF and are considered to be a high risk group for NSF.

Accordingly, the use of gadolinium contrast medium should

be avoided in these advanced CKD patients at the time of

MRI imaging. Some reports have shown that the risks of NSF

were not high in patients at CKD stage G3a/G3b, with an

eGFR in the range of 30 mL/min/1.73 m2 or more to less

than 60 mL/min/1.73 m2, while other reports have shown

NSF cases at these CKD stages. Therefore, necessity and risk

should be carefully taken into consideration when deciding

on the use of gadolinium contrast medium. Furthermore, if it

is used, a minimal dose should be selected.

There is not enough evidence to suggest that the inci-

dence of NSF is high in patients of CKD at stage G1/G2

with an eGFR of 60 mL/min/1.73 m2 or more.
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